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CHAPTER I. INTRODUCTION 
The concern over present and future allocation of land and other 
scarce resources used in agricultural production is shared by many 
individuals and groups representing diverse and frequently conflicting 
interests. Because of this concern policy makers and interested in­
dividuals throughout the United States have encouraged research relating 
to land use. 
Iowa State University's Center for Agricultural and Rural Develop­
ment (CARD) recently completed a large scale study of land use in the 
North Central Region at the request of the Midwest Governor's Conference. 
TTie sponsors included the North Central Agricultural Experiment Station 
Directors, the North Central Regional Center for Rural Development, and 
CARD. The North Central Region land use study deals with the historical, 
legal, and projected future aspects of agricultural land use in the 
North Central Region.^ This dissertation presents the results of the 
portion of the land use study for which this author is responsible. 
2 
Within the North Central Region and throughout the United States 
major concern has been expressed for the retention of the Region's land 
resources for food production. A significant amount of the Nation's 
^The final project report for the North Central Region land use 
project contains a detailed review of the historical and legal aspects 
of land use development in the North Central Region in Chapters 2 and 3 
(Huemoeller, Nicol, Heady, and Spaulding, 1976). 
2 
The states included in the North Central Region are Illinois, 
Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North 
Dakota, Ohio, South Dakota, and Wisconsin. The term "Region" will be 
used interchangeably with the North Central Region throughout this 
report when referring to these 12 states. 
2 
land resources have been converted to urban and other nonagricultural 
uses in recent years and this process is expected to continue into the 
foreseeable future as indicated by the following: 
Good agricultural land, like other natural resources, is 
finite. We do not have a limitless amount available, and 
thus we can not afford its loss. Urban development, for 
one, is increasing at a rapid rate, leading to predictions 
that it will consume the equivalent of the total areas of 
New Hampshire, Vermont, Massachusetts, and Rhode Island 
over the next 25 years. Additional land is being consumed 
by strip mining, reservoirs, highways, and other develop­
ment (Blobaum, 1974). 
As Blobaum suggests this conversion has caused a great deal of concern 
to many. Because of the important role of the agricultural industry 
in the North Central Region and because of the significant role that 
the Region's agricultural industry plays in the national economy it is 
important to examine the potential impacts of future conversion. 
In addition to the conversion of agricultural land to nonagricul-
turai uses, land is lost or damaged through erosion by wind and water. 
These losses are also of concern because their continuation reduces the 
overall supply capacity in the Region for the production of agricultural 
commodities and destroys a vital natural resource. The overall 
adequacy of the Region's land resources has important implications for 
land and related resources throughout the remainder of the United States. 
Maintenance of the nation's and Region's agricultural supply 
capacity for crop and livestock production is, however, only one of the 
concerns relating to land resource use. Conservationists, ecologists, 
and environmentalists are generally anxious to promote policies to 
3 
conserve the land resources as wildlife habitat or vegetative reserves 
so that endangered species and fragile ecosystems might be preserved. 
Also, U.S. citizens and their political representatives are interested 
in maintaining and using land to reduce the problem of urban congestion 
through the establishment of recreational-open space facilities. These 
concerns together with the recognition that land must be made available 
for urban uses and for transportation, surface mining, and other non-
agricultural purposes are all valid but are frequently in direct conflict 
with each other. These conflicts and the framework within which they 
occur and are solved represent the essence of land use. Land use 
consists of many complex problems. It is concerned with a chain of 
decisions that involve landowners, developers, consumers, and all levels 
of government. On one extreme land use conflicts have led nations into 
wars and on the other, it can be two children quarreling over the use 
of a sandbox. Karl has stated: 
Virtually all major concerns of national importance involve 
some dimension of land use. . . . Conflicts in land use have 
been a fact of life since man first developed the capability 
of inflicting economic or social pain on neighboring land 
owners (Harl, 1974). 
Alternative Concepts of Land 
and the Market System 
For the most part, in the United States, decisions relating to the 
ownership, control, and use of land have been largely determined by the 
market system. Through the market system land has been purchased and 
sold as private property. Property consists of the rights bestowed by 
society to the use and misuse of items of value. In the United States 
4 
territorial rights and property ownership have been a major factor in 
decisions affecting land use. Because land has generally been viewed 
as property land owners have emphasized the economic aspects of land 
viewing it as a commodity or input in the production process. This 
has generally resulted in short range decisions to maximize the profits 
of the land owner. As a result, efforts to conserve land resources for 
future use have generally not been satisfactory. 
With the abundant land resources available in past years the market 
system worked quite well as a mechanism for allocating these resources. 
Transactions between the buyers and sellers were largely of concern 
only to the two parties and no one else. However, as land has become 
relatively more scarce in recent years the effect of these transactions 
on third party interests has become more evident and has encouraged 
the increased use of the "public interest" concept as opposed to the 
"private interest" as the major criteria for resolving land use conflicts. 
The third party concerns arise from the spillover effects, or external­
ities, resulting from the transactions. These spillovers take the form 
of either external economies or external diseconomies and represent the 
benefits or costs that accrue to one or more people who were not directly 
involved in the particular market transaction or activity that caused 
the external benefit or cost to occur.^ In resolving the third party 
concerns policy makers and the courts have attempted to identify what 
is in the best interest of society and to devise policies or create laws 
^For an excellent review of the theory of externalities see Bator 
(1958). 
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to restrain the market system accordingly. 
Historically, in the United States, government action has generally 
used and encouraged the use of the market system in resolving land 
use conflicts. However, with the increased occurrence of third party 
conflicts and the recognition that conservation and preservation of 
land and other resources is usually not in the short run financial in­
terest of land owners, government intervention in land use planning 
and decision making has become more prevalent. The mounting concern 
about the inadequacies of the market system to deal with these problems 
has brought about considerable change in the administration of land use 
policy and in the general concept of land itself. Land is rapidly be­
coming recognized as a vital scarce resource requiring effective manage­
ment as expressed by Cal lies (1973): 
The most obvious phase of the revolution in land use control 
is the relocation of authority. Many states are taking back 
the land use controls delegated to municipal governmental 
units through zoning enabling acts. The more subtle phase 
of the revolution is a change in the concept of land, from 
a commodity to be traded for economic grain to a resource 
which must be preserved for public health and welfare. 
Raup (1973) goes even further, taking issue with the idea of land as a 
resource. He defines land as more than an input in production process: 
A major cause of the change in our attitudes toward land is 
found in the changing nature of the markets in which it is 
traded. . . . The dramatic change that has occurred ... is 
the enormous expansion of the market areas in which land is 
desired for housing, for recreation, for scenic beauty, for 
isolation, and for related purposes that fall within the 
economy of the household rather than the economy of the 
firm. It is the demand for land as a consumer's good that 
has generated the revolution in land use control. 
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Rising population levels, higher incomes, and the associated 
higher standard of living that prevails in the United States, combined 
with world food shortages, have all added to the pressure on the 
available supply of agricultural land in the United States. The 
additional component of land as a consumer's good in the overall 
demand for land resource services has increased the relative scarcity 
of all land in the Region and throughout the United States. 
Land Scarcity 
The economic concept of land scarcity is highly dependent upon the 
concept of land itself. Land per se can be differentiated from land 
resources. Timmons (1973) has defined land as space and situation, 
relating it to the earths surface, subsurface, and supersurface. In a 
spatial context land is fixed, immobile, inexhaustible, and irreplaceable. 
In this context land can be identified as spatial units, it is the basis 
for property rights, and it locates the various resources of land. In 
contrast to land, land resources are defined to include the soil, 
minerals, topography, and vegetation. In this context land resources 
can be logically expanded to include the air, sunlight, water, temper­
ature, and wildlife associated with the land itself. Land resources 
are the scarce attributes of land that provide utility. In this study 
the land resources of major concern are the soil, soil productivity, 
topography, vegetation, and climate. As Timmons suggests these land 
resources are not necessarily fixed or immobile, nor are they inex­
haustible and irreplaceable but are affected by human activities which 
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may enhance or damage the resource for continued use. The land resources 
must also be considered in terms of technologies which are constantly 
changing. 
The concept of land scarcity is, therefore, defined in terms of 
land resources rather than land itself. Scarcity is a relative concept. 
It depends upon the possibilities for substitution of less scarce 
resources for resources that are in relatively short supply. For 
example, cropland in the Great Plains may be needed to substitute for 
land converted to urban uses in Ohio in producing agricultural commodi­
ties. The relative scarcity of land resources in any given area is also 
dependent upon alternative uses for the land resources. Since this study 
is primarily concerned with the surface characteristics of land resources 
the relative scarcity of the land resources is very important and is 
affected by the various alternative land use policies considered. 
The principal land uses considered in the study are for agricultural 
and nonagricultural purposes, in the analysis nonagricultural uses 
include land for urban, transportation (highways and airports), recrea­
tion and wildlife, second (vacation) homes, surface mining, and reser­
voirs. The major agricultural uses include land for crops, pasture, 
range, forest, and other land. According to the Economic Research 
Service (1974) the total agricultural land acreage of the United 
States exceeds 2 biliion acres (Figure 1.1). Since 1900 the 
cropland acreage used for crops has varied from a high in 1949 of 387 
million acres to a low of 333 million in 1969. The major uses of crop­
land from 1949 through 1974 are shown in Figure 1.2. 
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Highest and best use 
Land resource scarcity is created within three general frameworks: 
the physical, the economic, and the institutional (Timmons, 1973). The 
use of land must first be consistent with any physical constraints that 
exist. These physical constraints can be varied only by varying the 
technology relating to the specific use. For example, if the soil in 
a particular area is steeply sloped, strip cropping or terracing may be 
necessary to prevent serious erosion if the land is to be used continu­
ously for crop production. The use of land, in economic terms, will 
gravitate towards its highest and best use or to that use which 
represents the greatest comparative advantage. For example, if land 
is physically suitable for crop production in an area and there are no 
other more profitable (in terms of returns to land) alternative uses 
for it the land will be used for crop production. If this land is 
situated near a large urban area the crops grown will be different than 
if the land is located hundreds of miles from potential markets. Lastly, 
institutional constraints such as zoning may encourage or prevent the 
use of land to be changed from crop production to urban uses which 
normally represent more profitable (have greater returns to land) uses 
of the land. 
As land use decisions are made within these three areas or frame­
works, the relative scarcity of land resources changes as one or more 
of the constraints (physical, economic, or institutional) changes. The 
returns to land, or land rent, generated by the use of the land for a 
given purpose become the decision variable under the market system. 
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If institutional restrictions such as zoning, taxation, or price 
supports are imposed the use of the land will likely change because the 
potential rent earned, given the restriction, will have changed. 
Changes in production technologies will cause similar adjustments in 
the relative land returns. Over time as the comparative advantage of 
land in alternative uses changes the land will gravitate towards the 
uses which generates the highest land rent or returns. 
Land returns and economic rent 
Barlowe states that: 
Land rent is the key concept in land economic theory. ... it 
represents the theoretical earnings of land resources and 
may be defined simply as the economic return that accrues 
or should accrue to land for its use in production (Barlowe, 
1972, p. 156, 157). 
Barlow then goes on to differentiate between land rent (returns) in its 
conventional usage and the concept of economic rent used more recently 
by economists. He says that economic rent is ". . . defined as the 
surplus of income above the minimum supply price it takes to bring a 
factor into production" (Barlowe, 1972, p. 158). 
The concept of rent is associated with two additional economic 
concepts as suggested earlier in this section. The first is that the 
resource must be productive, and the second is that the resource must 
be relatively unresponsive to price changes (e.g. it must be scarce). 
If the resource is unproductive it will have no use in production, 
therefore, it can not generate an economic return. Also, if the resource 
has many close substitutes, as its price increases, the resource in 
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question will not generate a surplus of income but will be replaced by 
the substitute. On the other hand if the resource has no close sub­
stitutes (is relatively scarce) the potential for rent is established. 
Throughout this analysis the concepts of resource scarcity, highest 
and best use (comparative advantage), and land resource returns or rent 
play a vital role In determining the impact of alternative land use 
policies. These alternatives represent hypothesized changes In the 
institutional framework for use of land resources. 
General Focus of the Study 
In the United States and more specifically In the North Central 
Region major concern has frequently been expressed about the need for 
conservation and retention of agricultural lands for food and fiber 
production. This study is concerned with the use of agricultural land 
under several alternative futures dealing with these issues in the 12 
North Central Region states named earlier. However, recognizing the 
importance of the Region in the national setting for total agricultural 
production, the study is formulated so that the Impacts of the alter­
native policies. Imposed in the North Central Region can be viewed from 
a national perspective. The study does not relate to site-specific 
problems such as those that might occur from competition for land at 
the local level. 
The alternatives considered in this study are designed to provide 
^In this analysis the data for only the 48 contiguous states will 
be analyzed. Therefore, throughout the remainder of the study reference 
to the United States or nation will mean the 48 contiguous states unless 
specified otherwise. 
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insight into questions relating to the continued loss of agricultural 
land for nonagricultural purposes and about the use of marginal lands 
for purposes that may damage or destroy their future usefulness. 
Specific emphasis is placed on the changes in cropland use patterns in 
terms of total utilization of available cropland, changes in the distri­
bution of crop production, and the impact on resource returns that occur 
from the imposition of the alternative policies. 
Objectives of the study 
The major objective of this study is to evaluate the resource and 
production capabilities of the North Central Region and the nation 
relative to the projected levels of population, expected withdrawals 
of agricultural land for nonagricultural purposes, economic development, 
and foreign exports of the major crop and livestock commodities. Of 
particular concern is the level of cropland resource availability and 
subsequent supply capacity of U.S. agriculture. In attaining this 
overall objective three more specific subobjectives are defined. These 
objectives are (1) to determine the potential impacts of continued 
population growth in the North Central Region and the nation as they 
relate to the use of agricultural lands for agricultural and nonagr5cul­
tural purposes; (2) to assess the impacts and implications of selected 
alternative land use policies designed to preserve agricultural lands 
in uses for which the lands are best suited; and (3) to develop a large 
scale programming model which can deal with these land use policy issues 
at a regional and national level. 
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Though the major focus of this study is on the availability and 
utilization of agricultural land other resources (e.g. water and labor) 
are important in considering the overall agricultural supply capacity 
of the nations agricultural sector.^ The model development phase of the 
present study is also extremely important as the model used must be 
capable of dealing with the many complex interrelationships involved in 
accounting for all the major commodities and resources at the national 
and regional levels. The model chosen for this study is a large scale 
interregional, mathematical programming model and is described in 
Chapter 11. 
In this study five alternative future land use policies are analyzed. 
Each of the alternatives simulate a unique land use policy which requires 
a modification to the land base. The purpose and description of each 
alternative future is described in more detail in the following section. 
Alternative Land Use 
Policies Analyzed 
A base alternative along with four alternative futures are analyzed. 
In each case the projection year is the year 2000. The base alternative, 
hereafter referred to as the Trend Alternative, simulates a continuation 
of present trends and policies up to the year 2000. The next three 
alternatives are called the Prime Lands, Fragile Lands, and the Prime-
^A comparable study (Meister, Heady, Nicol, and Strohbehn, 1976) 
has recently been completed by CARD analyzing the impacts of alter­
native water policies for the Second National Assessment conducted 
for the U.S. Water Resources Council. 
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Fragile Alternatives. These three alternatives simulate various 
policies designed to retain or preserve agricultural lands in their 
most socially desirable uses. When referred to together the Prime 
Lands, Fragile Lands, and Prime-Fragile Alternatives are called the 
Land Preservation Alternatives. The final alternative considered, 
called the Environmental Corridor Alternative, simulates the withdrawal 
of agricultural lands for urban and other nonagricultural uses at levels 
higher than the levels projected for the other alternatives. This is 
done to simulate the establishment of additional recreational and open 
space lands for the year 2000. In addition to the Environmental 
Corridor Alternative the Fragile Lands Alternative is reinterpreted as 
an alternative policy to provide the additional recreational-open space 
lands needed to achieve the levels assumed under the Environmental 
Corridor Alternative and at the same time conserve lands from further 
deterioration through intensive use in crop production. 
The Trend Alternative 
The purposes of the Trend Alternative are, first, to project the 
optimal use of land and land resources to the year 2000 assuming a 
continuation of present policies and trends in land use. As such the 
Trend Alternative results provide an important link with the present 
and are compared to 1972-74 averages whenever appropriate (Chapter III). 
The second major purpose of the Trend Alternative is to provide a bench­
mark against which to compare the results of the other four alternatives. 
The Trend Alternative solution provides a projection of what the 
regional distribution of acreages available and used will be in the year 
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2000 under the trend assumptions. The primary assumption upon which the 
solution rests is to minimize the cost of producing projected domestic 
demands and foreign exports of the major agricultural commodities in 
the nation. This primary assumption is maintained for each of the 
alternatives considered. 
The land base used is the 1967 Conservation Needs Inventory (CNI) 
cropland acreages updated for wet soil and irrigation development from 
1967-74 as explained in Chapter II. Within the North Central Region 
the total land base is aggregated from the 29 land capability classes 
defined in the CNI to 9 land capability groups. In areas outside the 
Region the land capability classes are aggregated into one aggregate 
land capability group. The land base is further adjusted for the 
expected withdrawals of agricultural lands for urban and other nonagri-
cultural purposes projected to the year 2000 (Appendix A ) .  
The projected population level assumed is 264 million people in the 
United States. The OBERS^ E projected domestic and foreign demand 
levels are used as explained in Chapter II. 
The Prime Lands Alternative 
The purpose of the Prime Lands Alternative is to analyze the impacts 
of a policy to simulate the retention of all prime agricultural lands in 
^The acronym OBERS is taken from the "Office of Business Administra­
tion" (now the Bureau of Economic Analysis) and the "Economic Research 
Service." 
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agricultural uses up to the year 2000. This policy alternative is 
designed to investigate the need for and impacts of governmental action 
to retain the high quality prime lands for crop production up to the 
year 2000. In response to the economic forces operating in the market 
system, as explained earlier in this chapter, the use of land tends to 
gravitate to the use with which the land has the greatest comparative 
advantage. In other words, the operation of the relatively free land 
market shifts land to the highest bidder. As farmers retire they will 
normally sell this land to nonfarmers if their land is near urban 
centers. In so doing prime agricultural land adjacent to cities is 
transferred to more intensive and irreversible urban uses in response 
to the greater potential for land rent. Because of the irreversible 
nature of these shifts the long run supply capacity for food and fiber 
is reduced. In short, a divergence has occurred between the private 
and the public interests relative to the use of the land. Recognizing 
that this divergence between private and public interests is occurring 
regularly in areas near and adjacent to existing cities the Prime Lands 
Alternative examines the state, regional., and national impacts of 
establishing a governmental policy (institutional constraint) within 
the 12 North Central Region states to retain all prime agricultural 
lands in agricultural uses. 
One problem encountered at the outset is that of defining "prime" 
land. The word prime implies the highest quality land or the land 
best suited for a specified purpose. When applied to land classifi-
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cation the term can be ambiguous because of the many "best" uses to 
which land can be employed unless the meaning of the term can be clearly 
defined. If the highest and best use concept, as discussed above, is 
employed confusion arises because prime land in areas away from urban 
centers would likely be defined in terms of crop productivity while in 
areas in or adjacent to urban centers it would likely be defined as 
prime land for urban development. Also, because of soil or climatic 
differences some land might be prime for the production of corn but 
would be relatively poor for citrus production. 
The problems associated with defining and classifying prime and 
unique lands were the subject of considerable discussion at the Seminar 
on Retention of Prime Lands in Washington, D.C., July 16-17, 1975 
(Committee on Land Use, 1975a and 1975b). Several classification 
schemes and criteria were discussed and suggested for both agricultural 
and nonagricultural purposes. Major attention was given the Land 
Inventory Monitoring (LIM) system devised by the Soil Conservation 
Service. This system defined prime land as follows: 
Prime farmland is land best suited for producing food, feed, 
forage, and oilseed crops, and also available for these uses 
(the land could be cropland, pasture land, range land, or 
other land but not urban and builtup land or water), it has 
the soil quality, growing season, and moisture supply needed 
to produce sustained high yields of crops economically when 
treated and managed, according to modern farming methods 
(U.S. Soil Conservation Service, 1975). 
In addition the LIM system specifies a series of specific criteria 
which further clearifies the meaning of adequate moisture supply, soil 
temperature, acidity, erodibility, permeability, and several other 
factors affecting the quality of land. These several factors are 
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defined so that they can be quantified. The data necessary to 
implement this system is not yet available but is currently being 
prepared by the Soil Conservation Service. 
For purposes of this study, since the necessary data for the LIM 
system is unavailable, prime lands are defined to include the high 
quality class I and II agricultural land as defined by the Soil Conserva­
tion Service (Klingebiel and Montgomery, 1961). 
The Fragile Lands Alternative 
The purpose of the Fragile Lands Alternative is to analyze the 
impacts of a policy to simulate the conservation of fragile cropland 
from further deterioration from continued use in crop production. The 
terrible dust storms of the 1930's and the severely eroded fields of 
the Mississippi valley are evidence of the need for more care in the 
selection of lands suitable for intensive crop production. The need for 
conservation of fragile lands, like the need for retention of prime 
lands normally implies that the private interests of the land owners 
and the public interests of society are not in agreement. For example, 
continued use of highly erosive lands inflicts external costs on other 
people by way of sedimentation problems and upon future generations by 
way of foregone productivity in uses for which the land is best suited 
in its present state. This alternative removes those lands from in­
tensive agricultural use whose future productivity for any use may be 
seriously affected if intensive cultivation continues. 
For purposes of this study fragile lands are defined to include 
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land with severe wind erosion potential in the land capability class IVe 
and all cropland acreages contained in the land capability classes V 
through VIII as defined by the Soil Conservation Service (Klingebiel 
and Montgomery, 1961). Historically, these lands have been cropped. 
However, these lands are considered generally unsuitable for regular 
crop production because they are subject to severe erosion, soil, or 
wetness conditions. In the Fragile Lands Alternative, all lands 
classified as fragile lands are assumed to be restricted to well managed 
pasture production and are not available for use in crop production. 
The Prime-Fragile Alternative 
The purpose of Prime-Fragile Alternative is to analyze the impacts 
of a policy including the basic policy assumptions of both the Prime 
Lands and the Fragile Lands Alternatives. This simulates the situation 
where the private and public interests are not in agreement and thereby 
requires a change in the institutional constraints to bring the private 
and public interests, more into harmony with each other. 
The Environmental Corridor Alternative 
The orientation of the Environmental Corridor Alternative differs 
significantly from that of the other alternatives. Each of the Land 
Preservation Alternatives are designed to analyze some variation of the 
need to direct different classes of cropland to its most socially 
desired use assuming that society strongly favors the maintanence of the 
Region's agricultural lands in agricultural uses. The Environmental 
Corridor Alternative, on the other hand, considers the assumption that 
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society strongly favors the alleviation of congestion within the cities 
of the North Central Region. The purpose of the Environmental Corridor 
Alternative is to simulate the development of additional lands for parks 
and other recreational-open space uses above the levels included in the 
Trend Alternative. 
Open space is a term that can have many meanings and therefore 
needs to be defined for each use. In this study the term open space is 
generally preceded with the word "recreational" to denote more clearly 
that the land so designated is assumed to be developed for low density 
urban uses. In this case it is implied that It Is for recreational 
uses, however, the solution results would be the same if it was assumed 
that the additional land was simply added to the average size of 
residential lots. One key factor is that the land is not retained as 
cropland (though cropland and other agricultural lands are being 
recognized as important sources of open space in and adjacent to urban 
centers (Miner, 1974 and 1975)). Also, it Is assumed that the land is 
developed or semideveloped (e.g. grass, shrubs, and trees) and not 
simply waste areas. 
Speaking of the importance of open space per se, Davis and House 
(1968) commented that the benefits of open space include esthetics, 
mental and emotional well-being, recreational opportunities, the 
structuring of development, and air and water management. The Outdoor 
Recreation Resources Review Commission (1962) suggested that the demand 
for outdoor recreation activity will triple by the year 2000. More 
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recent estimates are higher. To accommodate this additional demand 
it is certain that additional recreational-open space lands will be 
needed. 
The criteria used in this study to determine the additional lands 
needed above the trend levels for recreational-open space purposes is 
based on the recommendations made by the National Recreation and Park 
Association (1971). In addition to the Environmental Corridor Alternative 
the Fragile Lands Alternative will be reinterpreted as an alternative 
recreational-open space policy. 
The solutions analyzed in this study represent a small subset of 
all the possible policy alternatives that are relevant to the general 
set of issues treated in this study. The alternative futures considered 
provide an abundance of information relative to the impacts that can 
be expected from the imposition of policies to preserve agricultural 
land or to increase the availability of recreational-open space lands. 
It is hoped that the results of these alternatives can provide guidelines 
for policy makers in evaluating alternative land use needs. 
Chapter 11 of this report gives a discussion and mathematical 
description of the mathematical programming model and is supplemented 
by the description of the land use adjustment and allocation procedure 
explained in Appendix A. Chapter III gives a presentation of the results 
of the Trend Alternative solution. Chapter IV describes the impacts of 
the Land Preservation Alternatives and Chapter V presents the results of 
the Environmental Corridor Alternative and compares these results with the 
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Trend and Fragile Lands Alternative solutions. Lastly, a brief summary 
and analysis of the implications of all of the alternatives is presented 
in Chapter VI. 
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CHAPTER II. DELINEATION OF THE 
BASIC PROGRAMMING MODEL 
This study is an extension of a series of studies being conducted by 
the Center for Agricultural and Rural Development (CARD) at Iowa State Uni­
versity under the guidance of Dr. Earl 0. Heady. One important objective 
of these studies has been to develop national models to evaluate the 
impact of alternative environmental policies on the agricultural sector 
of the nation. This study represents an application of the large mathema­
tical programming model developed by the CARD staff in cooperation with the 
National Science Foundation - RANN effort and the U.S. Water Resources 
Council in the modeling phase for the Second National Water Assessment (NWA). 
Because of the objectives of the North Central Region (NCR) land use 
study it is necessary that alternative land use policies be analyzed 
within the framework of a national model so that the interregional impacts 
of the various policies can be determined. The large mathematical 
programming model developed for the Second National Water Assessment is 
used because of its capacity to deal with interregional problems and its 
analytical capability in handling policy issues requiring multiple land 
qua]ity classes. 
The purpose of this chapter is to describe the NCR base model only in 
enough detail to understand the modifications made in the NWA model for 
the present application and to provide a basis for understanding and 
interpreting the results presented in later chapters. In this chapter a 
description is given of the various sets of regions upon which the NCR 
model is based. In addition, a discussion of the different sectors and a 
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mathematical description of the model are presented. The key differences 
from the NWA formulation will be identified in these discussions and are 
reflected in the equations presented. For a more detailed explanation 
of the model, it's basic assumptions, and input data sources the reader 
is referred to the National Water Assessment model documentation (Meister 
and Ni col, 1975). 
Regional Delineation in the Model 
The basis for any interregional model is the definition of one or 
more sets of regions consistent with the availability of resources, 
alternative production possibilities, feasible technologies, and the 
form of interregional interactions desired. The model contains three sets 
of operational regions: the producing areas, water supply regions, and 
market regions. All required interactions operating within the model are 
defined to be consistent with one or more of these sets of regions. 
Figure 2.1 illustrates the 105 producing areas (PAs) defined in the model 
encompassing the 48 contiguous states. The producing areas are based on 
the 99 aggregated subareas (ASAs) defined by the U.S. Water Resources 
Council (1970) adjusted to 105 regions to be consistent with the agri­
cultural resource base in six of the ASAs. There are 58 water supply 
regions defined in the western part of the U.S. which are a subset of the 
105 producing areas as shown by the shaded area in Figure 2.2. Within the 
model water supplies and irrigation technology are defined only in these 
regions. Contiguous producing areas are aggregated into 28 marketing 
regions (Figure 2.3) representing major marketing areas throughout the 
United States (meaning the 48 contiguous states). At the center of each 
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of the market regions is a city which serves as a hub in the national 
transportation network defined in the model. The transportation network 
is defined with these centers as points between which commodities are 
moved as the model adjusts its production pattern to account for the 
comparative advantage specific to each region. 
Each of the 105 producing areas represent an aggregation of several 
contiguous counties, having nearly homogeneous climatic and production 
conditions throughout. Crop production activities, water supplies, and 
the land base are all defined within each of the producing areas. 
Combining these sets of regions with the transportation network 
provides the framework for analyzing the many interregional impacts of 
the alternative land use policies. The interregional linkages simulate the 
mutual interdependence that exists between the different areas and 
activities in the U.S. agricultural sector. The impact of policies 
permitting larger withdrawals of high quality cropland for nonagricultural 
purposes in Illinois, for example, will likely do more than reduce the 
land base in Illinois. The impact will likely include increased use of 
less productive land in other areas or, alternatively, land substitutes 
such as more irrigation water in Nebraska may be used to generate the 
production necessary to compensate for the land withdrawn from crop 
production in Illinois, it is this interdependence between areas that 
makes the mathematical programming model a suitable analytical device 
to study the regional shifts in crop production and land use patterns that 
cause changes in the regional comparative advantage of the areas affected 
as land use policies are changed. 
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For reporting purposes two additional sets of regions are used. The 
first is the North Central Region state and zone configuration (Figure 2.4) 
and the 18 water resource regions (Figure 2.5) as defined by the U.S. 
Water Resources Council (1970). The North Central Region state and zone 
regional configuration is used in subsequent chapters in presenting the 
model results on a state basis for the 12 North Central Region states 
and on a major zone basis for the areas outside the Region. The 18 water 
resource regions represent aggregations of contiguous producing areas and 
are used in Appendix A to present the results of the land use adjustment 
and allocation submodel. 
Major Sectors of the Model 
The model consists of three major sectors, including the resource 
base, the production and transportation, and the commodity demand sectors, 
respectively. The modifications made for the North Central Region study 
will be identified as each sector is discussed. 
Resource base sector 
The resource base sector identifies the quantity of land and water 
available for agricultural production, including cropland hay and pasture. 
The land resource base used is the 1967 Conservation Needs Inventory (CNI) 
prepared by the U.S. Soil Conservation Service (Conservation Needs Inven­
tory Committee, 1971). The land resource base is aggregated from the CNI 
county level data to the 105 producing areas (Figure 2.1). In the CNI 29 
land capability classes and subclasses are defined. These land classes 
are aggregated into 9 land capability groups (Table 2.1) in each of the 
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dryland and irrigated use categories in all producing areas containing the 
North Central Region states. Because the land use policies are implemented 
only in the Region it is not necessary to retain the multiple land capa­
bility groups in areas outside the Region as was done under the NWA formu­
lation. Therefore, in areas outside the Region the land base is aggregated 
to one land class for dry and (in the western regions) one for irrigated 
cropland. 
The 1967 CNI cropland base is adjusted to a 1974 actual acreage by 
incorporating recent estimates of new cropland developed through drainage 
of (CNI) class IIw and I IIw forest and pasture lands with wet soil condi­
tions to a class I equivalent productive capacity. Adjustments for new 
irrigated land development after 1967 were also made. In addition, the 
model has the capability to simulate future conversions of additional wet­
land to class I cropland if it can be justified economically within the 
decision framework of the model. 
Adjustments are also made in the land base for land withdrawn from 
agricultural use for nonagricultural purposes from 1967 to the year 2000. 
The procedures used in making these adjustments are described in detail 
IM Appendix A. 
To adjust the cropland base for crops grown in each producing area, 
but not analyzed in the model, the projected acreage needed for these 
crops is predetermined and subtracted from the total cropland and 
irrigated bases prior to solution of the programming model. The excluded 
(exogenous) crops are the more specialized crops such as fruits, 
vegetables, and nuts. The water requirements for the exogenous crops are 
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Table 2.1. Conservation Needs Inventory (CNI) land classes and subclasses 
aggregated to the nine land capability groups® 
Land CNI inventory Land CNI inventory 
capabi11ty class and capabi11ty class and 
group subclass group subclass 
1 1 6 IVe 
2 11 
e 
7 
' "o -
3 
"s' "c- "w 
8 all of V 
4 
' " e  9 all of VI, VI1 
5 
' "s- '"c-
and VI11 
^Source: Meister and Ni col, 1975. 
also subtracted from the available supplies prior to solving the model. 
These adjustments do not cause any discrepancy from a competitive view 
point because most of these exogenous crops are either high value crops 
or are grown under contract. The net cropland acreage remaining uncom­
mitted in each of the producing areas after the several adjustments Is 
the cropland base available for the endogenous crops. 
Production and transportation sector 
The production and transportation sector comprises the largest seg­
ment of the model and Is based on a large number of activities which simu­
late the possibility of producing crops and transporting commodities. 
Activities in a linear programming context simulate the transformation and 
use of agricultural resources in the production of Intermediate and final 
commodities and the transportation of these commodities to markets. The 
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production activities represent crop management systems incorporating 
rotations of one to four crops, covering from one to eight years. An 
important part of these management systems are alternative conservation 
treatments and alternative tillage practices^ representing different 
management options that can be used in controlling soil erosion. The 
various crop rotations defined in each producing area are a subset of the 
330 unique rotations based on data provided by the U.S. Soil Conservation 
Service. The rotations defined in any given producing area provides a 
range in production alternatives consistent with available technology and 
historic production patterns. 
The crops endogenous to the model in its present formulation include: 
barley, corn grain, corn silage, cotton, legume hay, nonlegume hay, oats, 
sorghum grain, sorghum silage, soybeans, sugar beets, and wheat. Also, 
summer fallow is included as part of the rotations in areas where the 
practice is used as an integral part of production technology. Under the 
NCR formulation crop production bounds (adjustment limits) are defined at 
the market region level for all areas outside the Region and are retained 
at the producing area level for production of the endogenous crops in the 
Region. 
A unique yield is determined for each of the endogenous crops, both 
for irrigated and dryland, as a function of the climatic conditions 
^The four conservation practices considered are straight row culti­
vation, contouring, strip cropping, and terracing. Each of the conserva­
tion practices is associated with three types of tillage practice: 
conventional tillage, residue management, and reduced tillage. 
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in the producing area, the soil class, the crop rotation, the conservation 
practice, and the tillage method considered. 
The transportation activities in the model simulate transportation 
routes which are defined between contiguous market regions. In addition, 
there are some long haul routes defined between noncontiguous market 
regions where the overall mileage is reduced by ten percent or more from 
the accumulated short haul routes. The long haul routes simulate the 
heavily used long distance transporting of commodities between major 
market centers. Over each route two activities are defined for each 
commodity to allow shipment of the commodity in each direction. Transpor­
tation rates are differentiated between commodities but are applied at a 
uniform rate for each commodity over all routes as discussed by Meister 
and Ni col (1975). The activity cost for each transportation activity 
represents the distance of the route multiplied by the appropriate rate 
and by the number of units of the commodity transported over the route 
specified. 
One of the major differences between the NWA model formulation and 
the present formulation is concerned with the livestock sector of the 
model. Because this study deals primarily with land use policy the 
livestock sector is removed so that all classes of livestock are exogenous 
to the mode). The necessary resource and feed requirements for livestock 
are derived from the projected demand for the livestock commodities. The 
quantities of feed demanded for livestock use is added to the total demand 
for grains, oilmeal, and roughage. 
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Commod i ty demand sector 
The total demand for the various commodities endogenous in the model 
consist of the projected levels of demand for deomestic food and fiber, 
net exports, exogenous livestock feed requirements, and industrial and 
nonfood uses. 
The population level assumed for the nation and its regional distribu­
tion is based on the 1975 revisions to the 1972 OBERS E projections of 
economic activity in the United States (Water Resources Council, 1975). 
These projections made by the Bureau of the Census represent the best 
estimates of the expected economic, social, technological, and interna­
tional conditions that may exist by the year 2000, given the trend data 
available at the time of the estimate. The population level assumed for 
the study is estimated to be 262 million persons in the United States by 
the year 2000. U.S. commodity demands are derived by multiplying per 
capita demand (Table 2.2) by projected population and are then allocated 
to market regions using population weights. Cotton and sugar demand are 
defined only at the national level, however. 
Projected net exports of the major commodities are also shown in 
Table 2.2 together with the 1972-73 average export levels. Miscellaneous 
uses of agricultural products, such as seed and alcoholic beverages are 
projected by extrapolation of historical use patterns and included as 
part of total domestic demand for the various commodities. The model must 
subsequently produce a sufficient quantity of each of the endogenous 
crops to meet these demands. 
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Table 2.2. Projected levels of domestic per capita consumption and 
total net export needs for specified agricultural 
commodities in 2000 and 1972 through 1973 averages for 
comparison 
Per capita 
consumption Net export 
Commod i ty Units 1972-1971 f 2000 1972-1973 Avg.b 2000 
(mi 11 ion) 
Barley bu. .04 .05 63 35 
Corn bu. 1.1 1.3 1,250 2,069 
Wheat bu. 2.5 2.3 1,165 919 
Soybeans bu. c c 509 1,475 
Cotton bales 0.039 0.025 5.4 4.2 
Beef and real 
carcass weight lbs. 116.8 150.7 
(72-74 Avg.) 
-1,338 -2,924 
Mi 1 k-fresh 
equivalent lbs. 560.0 456.6 -498 -1,040 
Pork (carcass 
wei ght) lbs. 68.9 71.4 -266 -351 
Ch i cken 
(ready to cook) lbs. 41.9 56.5 215 253 
Eggs doz. 26.0 38.0 44 50 
^Source: Water Resources Council, 1975. 
W 
1974 data were not yet available for grain exports. 
Sot available. 
39 
A Mathematical Delineation of the Model 
A linear programming problem consists of a system of simultaneous 
equations representing the restraints, activities, and interaction 
coefficients together with a specified objective function. A general 
formulation of the linear programming model in matrix notation is given 
in Equation 2.1; 
minimize Z = C'X (2.1) 
subject to A^X > D 
AgX < R 
X > 0 
is the total value (cost) of the objective function, 
is the vector of costs associated with the activities in the 
model, 
is the vector of activity levels, 
is the vector of regional and national demands, 
is the vector of the quantities of resources available for use in 
production, 
is the matrix of interaction coefficients between the regional 
and national demands in D and the activities in X, and 
is the matrix of interaction coefficients between the available 
resource supplies in R and the activities in X. 
where: 
Z 
c 
X 
0 
R 
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The obiectîve function 
In this model the objective function is defined to minimize the 
total national cost of producing the commodities demanded subject to the 
restraints on the availability of land, water, and upon the amount of 
adjustment in crop production allowed within the model. The objective 
function can be represented as follows: 
+ (2.2) 
n s t  I  
i = 1, ..., 105 for the producing areas, 
j = 1, ..., 18 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland, respectively, in PAs 
not containing the North Central Region states, 
k = 1, ..., 330 for the rotations defined, 
m = 1, ..., 12 for the conservation and tillage practices, 
n = 1, ..., 28 for the market regions, 
r = 1, ..., 58 (i-47) for the water supply regions, 
s = 1, 2, 4, 7, ..., 11 for the commodities, ' and 
t = 1, ..., 176 for the transportation routes defined; 
where: 
^ijkm ^he number of units (activity level) of rotation k with 
conservation tillage practice m on land class j in the i^*^ 
producing area; 
2 
Figure 2.6 shows the producing areas containing the North Central 
Region states. 
The commodities include (1) barley, (2) corn, (3) silage, (4) cotton, 
(5) legume hay, (6) nonlegume hay, (7) oats, (8) oilmeal, (9) sorghum, 
(10) sugar beets, and (11) wheat. 
Figure 2.6. The producing areas containing the 12 North Central Region states 
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XC... is the cost per unit of rotation k with conservation -
IJ km 
tillage practice m on land class j in the i producing area; 
is the number of acre feet of water purchased in water supply 
region r; 
WC^ is the cost per acre foot of water purchased in water supply 
region r; 
IB^ is the number of acre feet of water transferred out of region 
r; 
I i s  t h e  c o s t  d i f f e r e n t i a l  o n  a  p e r  a c r e  f o o t  b a s i s  f o r  w a t e r  
in region r; 
T ^ is the number of units of commodity s transported over route 
nst 
t from market region n; 
's the cost per unit of commodity s transported over route 
t from market region n; 
LD. is the number of acres of land drained and converted to crop­
land in the i^^ producing area; and 
DC. is the cost per acre for draining land and converting it to 
cropland in the i^^ producing area. 
The objective of the NCR programming model is to minimize the total 
cost of meeting both the domestic and export demands for food and fiber 
subject to the various restraints. This simulates a partial competitive 
equilibrium where resources are used in the production and transportation 
of agricultural commodities and, as such, receive a market rate of 
return for their use. The objective function includes the cost of 
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production, transformation, and transportation of commodities produced 
and resources purchased. The cost associated with each activity represent 
the cost of those inputs which are not endogenously determined in the 
model. These exogenous costs represent the return to all resources, 
except land and water, used in production of the crops endogenously 
determined in the model. Returns to land and to water are not included 
in the objective function but are determined endogenously in the model. 
The activities in the model are defined to interact with the various 
sectors by way of the matricies of interaction coefficients described in 
Equation 2.1. A detailed explanation of these interaction coefficients 
and the techniques used to develop them is given elsewhere (Meister and 
Nicol, 1975). 
The equations in the model 
The programming model has a set of equations for each producing area, 
water supply region, and market region. Also, commodity balance equations 
are specified for cotton and sugar beets at the national level. These 
equations provide the linkage between the activities in the model and 
the various restraints on resource availability and use. The equations 
for a typical producing area with irrigation, a water supply region, and 
a market region are summarized below. In producing areas where irrigation 
is not defined the equations relating to water supplies and irrigated crops 
will not be included. Also, in producing areas where irrigation is de­
fined irrigated cropland can be used for either irrigated or dry land 
production. 
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Producing area Acreage restraints exist in each producing area 
for the nine dry and nine irrigated land capability classes. These are 
maximum restraints set at the level of cropland acreage available in each 
land class. For all producing areas containing the states of the North 
Central Region adjustment restraints (upper and lower bounds) are placed 
on the production of corn grain, corn silage, cotton, sorghum grain, 
sorghum silage, soybeans, sugar .beets, and wheat. In addition, a hay 
acreage restraint is included for each producing area which maintains the 
desired balance between legume hay and nonlegume hay. The equations for 
the i^^ producing area are as follows: 
Dryland acreage restraint by land class 
Z Z X... AD... + LD.LDP.. < DA.. (2.3a) 
k m 'Jkm ijkm i 'J - 'J 
i = 1, ..., 105 for the producing areas, 
j = 1, ..., S for the land classes in PAs containing the North 
Central Region states, 
j = 1 for the dry cropland in PAs not containing the Region, 
k = 1, ..., 330 for the rotations defined, and 
m = 1, ..., 12 for the conservation - tillage practices; 
Irrigated acreage restraint by land class 
^ ^ *ijkmA'ijkm - (2.3b) 
k m - '  
i =1, ..., 105 for the producing areas, 
j = 1 l8 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland in PAs not containing 
the Region, 
k = 1 330 for the rotations defined, and 
m = 1, ...» 12 for the conservation - tillage practices; 
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Crop acreage adjustment restraints 
mNA,^<SpX (2.3c) 
J k m •' 
i = 22, ... for the PAs containing the North Central Region 
states, 
j = 1, l8 for the land classes in PAs containing the 
North Central Region states, 
k = 1, ...» 330 for the rotations defined, 
m = 1, 12 for the conservation - tillage practices, and 
u = 2, 3, 4, 8, ..., 12 for the crops restrained at the 
producing area level;4 
Hay acreage restraint 
j k m f? ^  ^ *ijl<ra"ijkm6 
* j % m 
(2.3d) 
i = 1, ..., 105 for the producing areas, 
j =1, .... 18 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland for PAs not containing 
the Region, 
k = 1, ..., 330 for the rotations defined, 
m = 1, ..., 12 for the conservation - tillage practices, and 
u = 5, 6 for the crops legume hay and nonlegume hay; 
X... is the activity level of rotation k using conservation -
ijkm 
tillage practice m on land class j in the i^^ producing area; 
ADijki^ is the acres of dryland used per unit of rotation k using 
conservation - tillage practice m on land classj in the i^^ 
The crops include (1) barley, (2) corn, (3) corn silage, (4) cotton, 
(5) legume hay, (6) nonlegume hay, (7) oats, (8) sorghum grain, (9) sorghum 
silage, (10) soybeans, (11) sugar beets, and (12) wheat. 
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producing area; 
^'ijkm the acres of irrigated land used per unit of rotation k 
using conservation - tillage practice m on land class j in 
the i^^ producing area; 
DA.. 
'J 
,A,j 
LD. 
I 
LDP.. 
'J 
^ij kmu 
s the acres of dry cropland available on land class j in the 
th . . 
producing area; 
s the acres of irrigated cropland available on land class j 
n the i^*^ producing area; 
s the level of land drainage in the i^^ producing area; 
s the proportion of the land drainage on land class j in the 
th . . 
producing area; 
s the rotation weight for crop u in rotation k using 
conservation - tillage practice m on land class j in the i*"*^ 
producing area; 
th 
MiNA. is the minimum acreage of crop u required in the : ' producing 
lU 
area; 
MAXA. is the maximum acreage of crop u required in the i^^ producing 
lU 
area; and 
HR. is the proportion of all hay which can be legume hay in the 
i^^ producing area. 
Water supplies and irrigation activities are defined in producing 
areas 48 through 105. The major modification affecting the water supply 
and transport sector is the removal of livestock as an endogenously 
determined portion of the model. Water requirements for all livestock are 
exogenously determined and withdrawn from available water supplies prior 
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to solving the model. The following equation (reflecting the withdrawal 
of livestock) controls the allocation of water to the endogenous crops in 
the NCR model formulation. 
J k m u •' 
i = 48, .... 105 for the producing areas, 
j =1, ..., 18 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland for PAs not containing 
the Region, 
k = 1, 330 for the rotations defined, 
m = 1, 12 for the conservation - tillage practices, 
r = i-47 to give the water supply region number, and 
u = 1 12 for the potentially irrigated crops endogenous 
to the model ; 
where: 
X.,, is the level of crop rotation k using conservation - tillage 
ijkm 
practice m on land class j in the i^^ producing area; 
W... is the rotation weight for crop u in rotation k using tiiiage 
ij kmu 
practice m on land class j in the i^^ producing area; 
CWU.y is the water use coefficient, in acre feet per acre, for crop 
u in the i^^ producing area; 
WS^ is the available water supply, in acre feet, for use by the 
endogenous crops in the r^^ water supply region; 
WH^ is the level of pasture conversion from irrigated to dryland 
pasture in the r^^ water supply region; and 
WA^ is the water release coefficient, in acre feet per acre, from 
converting irrigated pasture to dryland pasture in the r^*^ 
water supply region; 
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Market region Crop acreage adjustment restraints are set at the 
market region level to control the level of production of barley, oats, 
and nonlegume hay in all regions of the United States and of the other 
eight endogenous crops in areas outside the North Central Region. In 
addition, each market region has a set of equations to balance the supply 
and demand for the crop commodities. The commodity balance equations 
reflect the per capita demand for commodities as a function of income, 
commodity substitution, and foreign trade movements through each region. 
The equations for the n^^ market region are as follows: 
Crop acreage restraints 
MINA„u < s s S 2 ^ 
I J K m 
i =1, ...» 105 for the producing areas, 
j = 1, ..., 18 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland for PAs not containing 
the Region, 
k = 1, ..., 330 for the rotations defined, 
m = 1, ..., 12 for the conservation - tillage practices, 
n = 1, ...,28 for the market regions, and 
u = 1, ..., 12 for the endogenous crops restrained at the market 
region level 
Commodity balance equation 
2 ? 22 XljkmnWijkmuCYijkmsu " ? ^nst 
I J k m •' •' t 
- 2 WH^DA^g > CD 
ns 
Barley, oats, and nonlegume hay are restrained at the market region 
level in all areas. Corn, silage (corn and sorghum), cotton, sorghum, 
soybeans, sugar beets, and wheat are restrained at the market region level 
in producing areas not containing the 12 North Central Region states. 
ks 
i = 1, 105 for the producing areas, 
j = 1, 18 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland for PAs not containing 
the Region, 
k = 1, ..., 330 for the rotations defined, 
m = 1, ..., 12 for the conservation - tillage practices, 
n = 1, ...» 28 for the market regions, 
r = i-47 to give the water supply region number, 
s = 1, 2, 3, 5, ..., 9, 11 for the commodities balanced at the 
market region, 
t = 1, ..., 176 for the transportation activities defined, 
u = 1, 12 for the endogenous crops; 
where: 
X.,, is the level of crop rotation k using conservation -
I j kmn 
tillage practice m on land class j in the i^^ producing 
area which is included in the n^^ market region; 
W... is the rotation weight for crop u in rotation k using 
ijkmu 
tillage practice m on land class j in the i^^ producing 
area; 
^^ijkmsu '^ the per acre production of commodity s from crop u in 
rotation k using conservation - tillage practice m on 
land class j in the i^*^ producing area; 
CD^g is the exogeneously determined demand for commodity s in 
the n^^ market region; 
is the net quantity of commodity s exported over transporta­
tion route t defined in the n^^ market region; 
WH^ is the quantity of irrigated pasture converted to dryland 
pasture in the r^^ water supply region; 
DA^g is the per acre reduction in hay yield associated with the 
conversion of irrigated pasture to dryland pasture in the 
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r water supply region where = 0 for all s 6 (e.g. 
non 1egume hay); 
MINA is the minimum acreage of crop u required in the n^^ market 
nu 
region; and 
MAXA is the maximum acreage of crop u required in the n^*^ market 
nu 
region. 
National equations 
The supply and demand commodity balance equations for cotton and 
sugar beets are defined at the national level. The equations representing 
these relationships are as follows: 
",jkm",jkmu':\jkmsu2"s <2-5) 
I J k m 
i = 1 105 for the producing areas, 
j = 1, 18 for the land classes in PAs containing the North 
Central Region states, 
j = 1, 2 for dry and irrigated cropland for PAs not containing 
the Region, 
k = 1, 330 for the rotations defined, 
m = 1, ..., 12 for the conservation - tillage practices, 
s = 4, 10 for the commodities cotton and sugar, and 
u = 4, 11 for the crops cotton and sugar beets; 
where: 
X.., is the level of crop rotation k using conservation -
I jkm 
tillage practice m on land class j in the i^^ producing 
area; 
^ijkmu '^ the rotation weight for crop u in rotation k using 
tillage practice m on land class j in the i^^ producing 
area; 
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^^îjkmsu the per acre production of commodity s from crop u in 
rotation k using conservation - tillage practice m on land 
class j in the iproducing area; and 
CD^ is the exogenously determined demand for commodity s at the 
national level. 
This concludes the description of the programming model. Chapter 111 
provides an analysis of the base solution or Trend Alternative which 
provides a comparison of a model solution under conditions simulating a 
continuation of present trends and policies. Three alternative land 
preservation policies will be analyzed in Chapter IV and two alterna­
tive approaches for providing additional land for recreational-open space 
needs above the projected trend levels assumed under the Trend Alternative 
are considered in Chapter V. The various solutions of the linear 
programming model are normative in nature and suggest the outcomes that 
"should" occur, as opposed to predictions of what "will" occur, in the 
year 2000 given the objectives and assumptions upon which the model is 
based and the policy alternative being considered. 
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CHAPTER III. RESULTS OF THE TREND ALTERNATIVE 
MODEL VARIATION 
In this chapter the solution results of the Trend Alternative model 
variation are discussed in detail. Where appropriate comparisons are made 
to actual average 1972-74 data. The major purposes of the Trend Alterna­
tive are two fold. The first purpose is to project the optimal use of 
land and related resources and the optimal distribution of production of 
the major agricultural commodities in the year 2000 using a national model 
of U.S. agriculture. This provides an estimate of the future status of 
U.S. agriculture under a situation simulating the continuation of policies 
and trends similar to those presently in effect. The second major purpose 
is to provide a point of reference for comparing the solution results of 
the subsequent policy alternatives. The remainder of this chapter will be 
used to present the results of the Trend Alternative solution and compare 
the results with 1972-74 averages. 
Cropland Availability in the Year 2000 
In estimating the optimal use of agricultural land in the year 2000 
the land base available for crop production must be determined. The 
available cropland base for the model in the year 2000 is determined as 
discussed in Chapter II. 
The estimated nonagricultural land withdrawals are allocated to the 
states of-the North Central Region, yielding the distribution shown in 
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Table 3.1 together with total agricultural land.^ The Region contains 
approximately 31 percent of the Nation's total agricultural land and is 
expected to have 29.9 percent of the total additional nonagricultural 
land withdrawals in the Nation up to the year 2000. 
In the Region the agricultural land requirement for nonagricultural 
uses reaches a high of 5.2 percent in Illinois and drops to a low of 
only 0.3 percent in Nebraska. The high level in Illinois reflects the 
intense pressure on agricultural lands from expanding urban development 
in Chicago and other urban areas. The low level in Nebraska reflects a 
low expected population growth and a more expansive agricultural base. 
The data indicates that the potential impact is greater for the areas 
outside the Region where future use will require approximately 2.3 percent 
compared to the Region's 2.1 percent of agricultural lands. This reflects 
the greater pressure on agricultural lands on both the east and west coast 
where population is more heavily concentrated. 
Of the 1.4 billion acres inventoried as agricultural land in 1967, 
slightly over 400 million acres were classified as cropland. The distribu­
tion of both inventoried cropland and nonagricultural withdrawals from 
cropland is shown in Table 3.2. Nationally, approximately 13 million 
acres of cropland in the United States are projected to be withdrawn from 
agricultural production by the year 2000. This projected reduction 
^Total agricultural land includes cropland, pasture, hay, range, 
forest, and other agricultural land representing aggregations of the major 
use classes defined in the Conservation Needs Inventory (Conservation Needs 
Inventory Committee, 1971). 
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Table 3.1. Total agricultural land and projected additional land needs 
for urban and other nonagricultural purposes in the United 
States,® North Central Region (NCR), and areas outside the 
North Central Region in I967 to 2000 
Region 
Total 
agricultural 
land—1967 
Additional 
nonaqricultural 
land needs for 
purposes 1967 to 2000 
Urban Other Total 
Percentage 
of agri. land 
(thousands of acres) 
United States 1,402,818 14,317 16,800 31,117 2.2 
North Central 
Region 436,490 2,647 6,651 9,297 2.1 
Illinois 32,621 430 1,257 1,687 5.2 
Indiana 21,167 299 626 925 4.4 
Iowa 34,059 122 579 707 2.1 
Kansas 49,409 130 374 504 1.0 
Michigan 29,143 475 401 876 3.0 
Minnesota 43,656 277 220 497 1.1 
Missouri 40,338 262 1,031 1,293 3.2 
Nebraska 47,112 42 112 154 0.3 
North Dakota 41,559 0 580 580 1.4 
Ohio 23,094 406 599 1,005 4.4 
South Dakota 44,201 2 568 570 1.3 
Wisconsin 30,132 195 304 499 1.7 
Outside the NCR 996,328 11,670 10,150 21,820 2.3 
^In this and all subsequent tables in this chapter, the United 
States category includes only data for the 48 contiguous states. 
represents a loss of 3.2 percent of the cropland as compared to only 2.2 
percent of the total agricultural land. This difference indicates that 
cropland is affected more by the projected withdrawals than the other 
agricultural lands. The impact will be greater in the area outside the 
North Central Region than within the Region. The North Central Region 
will lose approximately 5.9 million acres or approximately 2.7 percent of 
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Table 3.2. Total cropland available, projected withdrawals from crop­
land for nonagricultura] uses, and adjusted total cropland 
available in the United States, North Central Region (NCR), 
and areas outside the North Central Region in 2000 under 
the Trend Alternative 
Withdrawals for non- Adjusted 
aqricultural uses total 
Total Percentage of cropland 
cropland available ava ilable 
Region aval 1 able Acreage cropland 2000 
(thousands of acres) 
United States 400,395 12,875 3.2 387,521 
North Central 
Region 223,002 5,942 2.7 217,061 
Illinois 23,934 1,106 4.6 22,828 
Indiana 13,542 706 5.2 12,836 
Iowa 26,263 634 2.4 25,629 
Kansas 28,702 300 1.0 28,402 
Michigan 9,484 401 4.2 9,063 
Minnesota 21,935 412 1.9 21,522 
Mi ssouri 15,496 498 3.2 14,997 
Nebraska 19,225 192 1.0 19,033 
North Dakota 25,415 280 1.1 25,135 
Ohio 11,884 ^ 721 6.1 11,164 
South Dakota 15,772 232 1.5 15,540 
Wi scons in 11,351 440 3.9 10,911 
Outside the NCR 177,393 6,933 3.9 170,460 
Zone 1 14,229 1,413 9.9 12,816 
Zone 2 48,963 2,595 5.3 46,368 
Zone 3 8,960 461 5.1 8,499 
Zone 4 43,823 1,234 2.5 48,595 
Zone 5 23,266 135 0.6 23,131 
Zone 6 17,322 143 0.8 17,189 
Zone 7 14,814 952 6.4 13,862 
^Includes the 1967 CNI cropland acreage adjusted for irrigation 
and wet soils development from 1967 to 1974 (Meister and Nicol, 1975). 
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its cropland. The states that will have the largest cropland losses 
(e.g. 500,000 acres and over) include Illinois, Ohio, Indiana, and Iowa. 
All other states in the Region are expected to have less than 500,000 
acres of cropland converted to nonagricultural uses by the year 2000. Ohio 
and Indiana are affected the most and are expected to convert 6.1 and 5.2 
percent of their cropland, respectively. By comparison, Nebraska, Kansas, 
and North Dakota are expected to have only slightly more than one percent 
of their cropland converted. Outside the Region, Zone 1 is expected to 
be the most severely affected in terms of relative impact of land con­
version on cropland. Zone 1 contains the northeastern atlantic coastal 
area of the United States. I? this area projected withdrawals are 
expected to be nearly 10 percent of the remaining cropland. Zone 7, 
containing the Southern Pacific Coastal area is the second highest where 
6.4 percent of that region's total cropland is expected to be converted 
to nonagricultural purposes by the year 2000. Much of this cropland in 
the Southwest is in California and Arizona and represents the highly 
productive irrigated vegetable and specialty crop producing areas. 
The last column in Table 3.2 shows the expected cropland base re­
maining in each of the states and zones after it has been adjusted for 
nonagricultural land withdrawals. This land base is the projected crop 
land acreage expected to be available in the United States (48 contiguous 
states) for crop production in the year 2000. 
The acreage needs for the exogenous crops, aggregated by states, zones, 
and major regions, are shown in Table 3.3. The exogenous crops require 
23.7 million acres which amounts to 6.1 percent of the total cropland base 
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Table 3.3. Adjusted.total cropland available, cropland needs for the 
exogenous crops, and cropland available for endogenous 
crops in the United States, North Central Region (NCR), 
and the areas outside of the North Central Region in the 
year 2000 under the Trend Alternative 
Region 
Adjusted 
total 
cropland 
available 
2000 
Cropland needs for 
exogenous crops-2000 
Acreage 
Percentage of 
ava ilable 
cropland 
Cropland 
available 
for 
endogenous 
crops-2000 
(thousands of acres) 
United States 387,521 23,679 6.1 363,842 
North Central 
Region 217,061 7,120 3.3 209,941 
111inoi s 22,828 328 1.4 22,500 
Indiana 12,836 339 2.6 12,497 
Iowa 25,629 299 1.2 25,330 
Kansas 28,402 396 1.4 28,006 
Michigan 9,063 949 10.5 8,114 
Minnesota 21,522 1,050 4.9 20,472 
Missouri 14,997 372 2.5 14,625 
Nebraska 19,033 380 2.0 18,653 
North Dakota 25,135 1,386 5.5 23,749 
Ohio 11,164 337 3.0 10,827 
South Dakota 15,540 848 5.5 14,692 
Wisconsin 10,911 437 4.0 10,474 
Outside the NCR 170,460 16,559 9.7 153,901 
Zone 1 12,816 1,346 10.5 11,470 
Zone 2 46,368 6,209 13.4 40,159 
Zone 3 8.499 413 4.9 8,086 
Zone 4 48,595 2,464 5.1 46,131 
Zone 5 23,131 453 2.0 22,678 
Zone 6 17,189 2,213 12.9 14,976 
Zone 7 13,862 3.461 25.0 10,401 
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in the United States. These crops have the first claim to the available 
cropland in all producing areas. Thirty percent (7.1 million acres) of 
the land needed nationally for the exogenous crops is in the North Central 
Region with Minnesota and North Dakota having the largest absolute number 
of acres. Large quantities of specialty crops are produced in these 
states. Michigan has nearly 1 million acres of land allocated mainly 
for vegetables, fruits, and tobacco. This acreage represents 10.5 
percent of the available cropland in Michigan. 
The areas outside the North Central Region utilize 9.7 percent of 
their available cropland in the production of exogenous crops. With the 
exception of Michigan, the exogenous crops generally require a greater 
proportion of the cropland available in the areas outside the Region than 
in the states of the North Central Region. In the southeastern part of 
the United States (Zone 2) 13.2 percent of the available cropland is used 
for exogenous crops, mainly for tobacco and peanuts. In the southwestern 
area (Zone 7) of the United States 25 percent of the available cropland is 
required for exogenous crops including fruits, nuts and various vegetable 
crops. The final column in Table 3.3 presents the acreages of cropland 
available for the endogenous crops under the Trend Alternative. 
Cropland Utilization Under 
the Trend Alternative 
As in the case of real world decision making, the programming model 
has the option of selecting the resource mix it will use in attaining the 
objectives specified. In this case, the objectives are to use the 
available resources to produce the commodities demanded, distribute the 
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commodities to the points of consumption, and do so at the minimum total 
cost possible. In selecting the optimal (least cost) resource mix to 
achieve these objectives the model can choose to use all, or only part of 
a certain resource in any given producing area. The model is not forced 
to use all resources available if it finds that all the commodities can 
be produced at the levels demanded and still leave some of these resources 
for other uses. The land with the greatest relative advantage in the 
production of endogenous crops (in terms of productivity and location) 
will be used up to the limit of its availability first. As the distribu­
tion of crop production continues the most productive land remaining will 
be used next. This process continues until all commodity demands are met. 
Therefore, all available land in a region may not be required in the 
optimal resource mix. In addition to the acreages shown in Table 3.3 
the model has the capability to increase the supply of cropland to some 
degree by converting class llw and IIiw pasture and forest land (land with 
excess soil moisture) to cropland in approximately 35 of the producing 
areas in the eastern states.as explained in Chapter II. In this process, 
when it is more profitable to do so, the model will activate the land 
development activities to increase cropland supply in one area before 
using all of the cropland in another. There is a potential for the develop­
ment of an additional 18 million acres of land through this mechanism. 
The wet soils development activities simulate the clearing and draining 
of wet soils and provide the only potential means for endogenous adjustment 
to the prespecified land base in the model. Therefore, the wet soil 
development mechanism is responsible for any additions to the land base 
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beyond the prespecîfîed levels which provide the unique basis for each of 
the policy alternatives considered in the study. 
National and regional effects 
For the Trend Alternative between 8 and 9 million acres of wet soils 
are developed giving a total available land base of 397 million acres 
(Table 3.4). Of this amount 363 million acres are expected to be used 
for the production of both endogenous and exogenous crops under the Trend 
Alternative by the year 2000. A total of 340 million acres will be 
needed nationally to produce the 12 endogenous crops and summer fallow as 
determined in the model. This is to be compared with the 1972-74 annual 
average of 309 million acres planted to the 12 crops in the 48 contiguous 
2 
states. 
The North Central Region accounts for 56 percent of cropland 
available and used under the Trend Alternative. Of the 222 million acres 
available in the Region, 203 million acres (91 percent) are used for all 
crop production and 196 million acres are used for the endogenous crops. 
The Region's share of the total acreage of the 12 major crops declines to 
57.6 percent compared to the annual average of 60.2 percent for the 1972-
74 period. 
The degree of land utilization in the North Central Region varies by 
the land capability class because of the differences in location and 
2 
In 1972,292 million acres were planted to the 12 crops and in 1974 
the acreage Increased to 323 million acres (Statistical Reporting Service, 
1975). Acres of wheat, corn, and soybeans increased substantially while 
oats, barley, cotton and sugar beets declined slightly from 1972 to 1974. 
These rather dramatic shifts in wheat, corn, and soybean acreages were 
stimulated by the world export situation during that period. 
Table 3.4. Cropland utilization In the United States, North Central Region (NCR), and the area 
outside the North Central Region in the year 2000 under the Trend Alternative with 
1972 through 1974 average for comparison 
Region and 
soil class 
Total 
cropland 
avaliable 
Total 
cropland 
used 
Percentage 
used" 
Cropland 
used for the 
endogenous 
crops 
1972-1974 
average 
used for 
endogenous 
crops^ 
(mill ions of acres) (mi 11 Ions of acres) 
United States 397 363 91.5 340 309 
North Central Region 
1, II 139 139 100.0 134 N.A. 
III, IV 76 63 83.3 61 N.A. 
V-VIII 7 1 10.2 1 N.A. 
Total NCR 222 203 91.4 196 186 
Percentage of U.S. 55.9 55.8 57.6 60.2 
Outside the NCR 175 160 91.6 144 123 
Percentage of U.S. 44.1 44.2 42.4 39.8 
^Represents the adjusted total cropland available from Table 3.3 plus the wet soil develop­
ment as determined in the model. 
*^Total cropland used as a percentage of total cropland available. 
^In this and all subsequent tables in this chapter, cropland used for barley, corn grain, corn 
corn silage, cotton, 1egume hay, nonlegume hay, oats, sorghum grain, sorghum silage, soybeans, 
sugar beets, wheat, and summer fallow. 
^Source: Statistical Reporting Service, 1975. 
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relatave productivity of land in each class. All of the most productive 
lands in classes I and II (prime lands) are used. However, the level of 
use decreases to 83 percent for land in classes III and IV, and to 10 
percent in classes V through VIII (fragile lands). Overall, the 
utilization rate is 91.4 percent in the Region and 91.6 percent in areas 
outside the Region. Thus, the production levels required to meet the 
demands for commodities under the Trend Alternative are not high enough 
to utilize all available cropland in the nation. 
State and subreqional effects 
At the state level, within the Region the cropland utilization 
patterns reflect complete use of all available prime lands (Table 3.5). 
However, there is considerable variation among the states in the propor­
tion of classes Ml through VIII lands used. Ohio has the highest pro­
portion of classes III and IV lands used and the highest total cropland 
used of any state in the Region. Illinois and Indiana also have nearly 
all of their classes III and IV lands and total cropland used. Relative 
to the other states in the Region these three states are more heavily 
populated giving them some locational advantage which, when combined with 
greater productivity, encourages more intensive use of available cropland. 
Nebraska and South Dakota have the smallest proportion of their 
classes Ml and IV lands used which reflects the generally lower produc­
tivity and some locational disadvantage of crop production in these states. 
Overall, a smaller proportion of total available cropland is used in 
Nebraska than in any of the other states in the Region. Those states 
having the lower proportion of their land used are affected by a variety 
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Table 3.5. Distribution of cropland available and used for the 12 major 
crops and summer fallow by land capability group under the 
Trend Alternative in the states of the North Central Region 
(NCR) in the year 2000 
State and 
land class 
Cropland 
avai Table 
Cropland 
used 
Percentage 
used 
(thousands of acres) 
Illinois 
I, II 
III, IV 
V-VI11 
Total 
% of NCR 
18,458 
4,556 
421 
23,435 
10.6 
18,458 
4,461 
5 
22,924 
11.3 
100.0 
97.9 
1.2 
97.8 
Indiana 
I, II 
III, IV 
V-VI11 
Total 
% of NCR 
10,200 
2,746 
226 
13,172 
5.9 
10,200 
2,570 
5 
12,775 
6.3 
100.0 
93.6 
0.9 
97.0 
Iowa 
III, IV 
V-VI11 
Total 
% of NCR 
16,184 
9,112 
853 
26,149 
11.8 
16,184 
8,082 
6 
24,272 
12.0 
100.0 
88.7 
0.7 
92.8 
Kansas 
I, II 
III, IV 
V-VIIi 
Total 
% of NCR 
14,996 
12,674 
964 
28,534 
12.9 
14,996 
10,992 
412 
26,401 
13.0 
100.0 
86.7 
47.7 
92.5 
Michigan 
I, II 
III, IV 
V-VI11 
Total 
% of NCR 
5,904 
3,460 
296 
9,660 
4.4 
5,904 
3,075 
31 
9.010 
4.4 
100.0 
88.9 
10.5 
93.3 
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Table 3.5. (continued) 
State and 
land class 
Cropland 
available 
Cropland 
used 
Percentage 
used 
(thousands of acres) 
Minnesota 
I. II 
III, IV 
V-VIII 
Total 
7o of NCR 
15,317 
6,785 
415 
22,517 
10.2  
15,317 
5,328 
14 
20,659 
10.2 
100.0 
78.5 
3.4 
91.7 
Missouri 
I, II 
III, IV 
V-VII I 
Total 
7o of NCR 
5,043 
9,665 
826 
15,534 
7.0 
5,043 
8,257 
8 
13,308 
6.6 
100.0 
85.4 
1.0 
85.7 
Nebraska 
I, II 
III, IV 
V-VII I 
Total 
7o of NCR 
10,814 
7.646 
838 
19,298 
8.7 
10,814 
4,466 
149 
15,427 
7.6 
100.0 
58.4 
17.8 
79.9 
North Dakota 
I, II 
III, IV 
V-VIII 
Total 
7o of NCR 
17,445 
6,730 
897 
25.071 
11.3 
17.445 
5.503 
39 
23.006 
11.4 
100.0 
81.8 
4.3 
91.8 
Ohio 
I, II 
Ml. IV 
V-VIII 
Total 
% of NCR 
7.899 
3.204 
180 
11,283 
5.1 
7,899 
3,179 
4 
11,082 
5.5 
100.0 
99.2 
2 . 2  
98.2 
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Table 3.5. (continued) 
State and Cropland Cropland Percentage 
land class available used used 
(thousands of acres) 
South Dakota 
1, II 10,241 10,241 100.0 
III, IV 5,191 3,729 71.8 
V-VIII 484 21 4.3 
Total 15,916 13,991 87.9 
% of NCR 7.2 6.9 
Wi scons in 
1, II 6,081 6,081 100.0 
III, IV 4,206 3,639 86.5 
V-VI11 655 15 2.3 
Total 10,942 9,735 89.0 
% of NCR 4.9 4.8 
of factors which influence the relative productivity of their cropland. 
Some of these factors are lack of moisture in the western part of the 
Region, shorter growing seasons in the northern states, and rough terrain 
in various parts of the region all tend to reduce crop yields and in some 
cases may increase production costs per unit of output. Very little of 
the available fragile lands are used in the Region. These lands are 
generally not suited for crop production and are relatively less produc­
tive than the other lands. The only major exception is Kansas where nearly 
50 percent of the available fragile cropland is used under the Trend 
A1ternative. 
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Cropland utilization in the areas outside the North Central Region 
varies between a low in Zone 3 of 73 percent and a high of 100 percent 
in Zone 6 (Table 3.6). The low utilization in Zone 3 reflects cropland 
of generally lower productivity and somewhat higher production costs 
relative to other areas. The high cropland utilization in Zone 6 is due 
primarily to the high cost of transporting commodities from other areas 
into the Intermountain area. It is cheaper for commodities needed in the 
northwestern United States to be produced there even though production 
costs are high and the relative productivity of cropland may be lower 
than in some other parts of the nation. This avoids the high cost of 
transporting agricultural commodities into the Intermountain area from 
the Plains states and other areas. 
The importance of Zone 2 and Zone 4 in the production of the 12 
major crops is evident from the data in Table 3.6. Nearly 60 percent of 
all cropland used outside the Region for the production of the 12 major 
crops is in these two areas. Also, the combined acreage of over 91 
million acres of cropland used for the 12 major crops in these two zones 
represents approximately 25 percent of the total cropland used in the 
nation. Figure 3.1 shows the percent of available cropland used in each 
of the states of the North Central Region and in each of the zones of the 
area outside the Region. 
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Table 3.6. Distribution of cropland available and used for the 12 major 
crops and summer fallow under the Trend Alternative in the 
zones of the area outside the North Central Region 
Cropland Cropland Percentage 
Zone available used used 
(thousands of acres) 
Zone 1 13,204 12,857 97.4 
% of total 7.5 8.0 
Zone 2 49,930 47,885 95.9 
% of total 28.5 29.9 
Zone 3 8,681 6,363 73.3 
% of total 5.0 4.0 
Zone 4 48,595 43,758 90.0 
% of total 27.8 27.3 
Zone 5 23,189 19,856 85.6 
% of total 13.2 12.4 
Zone 6 17,193 17,193 100.0 
% of total 9.8 10.7 
Zone 7 14,290 12,452 CO
 
% of total 8.2 7.8 
Acreage and Production 
of Major Crops 
The acreage, production, and yield of selected major crops under the 
Trend Alternative are shown in Table 3.7. The national production of the 
individual crops reflects the combined demands for domestic consumption 
and livestock needs, and the quantities needed to fill projected export 
requirements. The national cropland acreage devoted to each of these 
Alternative 
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major crops represents the minimal amount of cropland resources necessary 
to achieve the national commodity demands at minimum cost. 
The North Central Region has approximately 80 percent of the total 
national acreage of corn grain and oats, and 60 percent of the soybean 
acreage under the Trend Alternative. Slightly less than 48 percent of 
the wheat acreage, 35 percent of the barley acreage, and 27 percent of 
the sorghum acreage is attributed to the Region under the Trend Alterna­
tive. The distribution of the national production of these crops between 
the Region and areas outside the Region follows the acreage distribution 
quite closely. The yields of the selected major crops, except for barley 
and wheat, are higher in the Region than in areas outside the Region. 
The North Central Region's share of the acreage and production of the 
selected major crops is compared to the 1972-74 averages in Tables 3.8 
and 3.9, respectively. The total acres cultivated in the North 
Central Region increase but the acres of each of the crops produced 
do not necessarily follow the same pattern. Corn, soybeans, and wheat 
are presently the most plentiful crops in the Region. Under the Trend 
Alternative wheat acreage decreases substantially in the Region to a low 
of approximately 22 million acres in the year 2000. This is 33 percent 
less than the 1972-74 average annual wheat acreage of 33 million acres. 
However, while wheat acreage is projected to decline, wheat production is 
expected to increase slightly in the year 2000 over the 1972-74 average 
for the nation. 
Table 3.7. Acreage, production, and yîeld^ of  selected major crops in the United States, North 
Central Region (NCR), and the area outside the NCR In the year 2000 under the Trend 
Alternative 
Corn Sorghum 
Region Barley grain Oats grain Wheat Soybeans 
United States 
Acreage (000 acres) 
Production (000 bu.) 
Yield (bu./acre) 
North Central Region 
Acreage (000 acres) 
Production (000 bu.) 
Yield (bu./acre) 
Outside the NCR 
Acreage (000 acres) 
Production (000 bu.) 
Yield (bu./acre) 
12,894 
684,192 
53.1 
56,547 
6,909.171 
123.6 
11,753 
787,221 
67.0 
21,385 
1,126,188 
52.7 
46,751 
1.703,745 
36.4 
87,163 
3,484,928 
40.0 
4,444 
213,486 
48.0 
47,364 
5,997.419 
126.6 
9,138 
648,069 
70.9 
5,813 
310,328 
53.4 
22,413 
8l4,666 
36.3 
51,568 
2,202,114 
42.7 
8,450 
470,706 
55.7 
9,183 
991,752 
108.0 
2,615 
139,152 
53.2 
15,572 
815,860 
52.4 
24,338 
889,079 
36.5 
35,595 
1,282,814 
36.0  
^Yields may appear Inconsistent as they were calculated prior to rounding of acreage and 
production figures. 
71 
Table 3.8. Acres of the selected major crops in the North Central Region 
and the nation under the Trend Alternative with the average 
1972 through 1974 annual levels® for comparison 
NCR as a 
North Central percentage of 
Region (NCR) National total national total 
1972-1974 1972-1974 1972-1974 
Crop 2000 Avg. 2000 Avg. 2000 Avg. 
(thousands of acres) 
Barley 4,444 4,279 12,894 10,328 34.5 41 .if 
Corn 47,362 50,938 56,547 61,503 83.8 82.8 
Oats 9,138 11,077 11,753 13,638 77.8 81.2 
Sorghum 5,813 6,226 21,385 14,379 27.2 43.3 
Wheat 22,413 33,192 46,751 61,681 47.9 53.8 
Soybeans 51,568 34,601 87,163 52,380 59.2 66.1 
^Source: Statistical Reporting Service, 1975. 
National corn acreage is also expected to decline from the 61.5 
million acres annual 1972-74 average to 56.5 million acres in 2000. As 
with wheat, the reduced corn acreage is expected to be offset by yield-
increasing technological advances. Total production of corn is expected 
to increase from 5.3 billion bushels in 1972-74 to nearly 7 billion bushels 
by the year 2000 at the national level under the Trend Alternative. Soy­
bean acreage and production, unlike that of wheat and corn, both increase 
substantially from the 1972-74 average annual levels. Nationally, soybean 
production increases 158 percent while soybean acreage increases by 66 
percent. In the North Central Region soybean production increases 127 
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Table 3.9. Production of the selected major crops in the North Central 
Region and the nation under the Trend Alternative with the 
average 1972 through 1974 annual levels® for comparison 
North Central 
Region (NCR) National total 
NCR as a 
percentage of 
national total 
Crop 2000 
1972-1974 
Avg. 2000 
1972-1974 
Avg. 2000 
1972-1974 
Avg. 
(millions of bushels) 
Barley 213.5 149.0 684.2 384.4 31.2 38.8 
Corn 5,997.4 4,513.1 6,989.1 5,290.4 85.8 85.3 
Oats 648.1 547.2 787.2 659.8 82.3 82.9 
Sorghum 310.3 339.4 1,126.2 789.1 27.6 43.0 
Wheat 814.7 976.5 1,703.7 1,681.1 47.8 58.1 
Soybeans 2,202.1 968.4 3,484.9 1,350.4 63.2 71.7 
®Source: Statistical Reporting Service, 1975. 
percent and soybean acreage increases by 49 percent. Thus, some produc­
tivity gains are expected for soybeans both in the Region and in areas 
outside the Region. The large increase in soybean production is needed in 
part, to accommodate the increase of almost 1 billion bushels in exports 
from the 1972-74 annual average, and partly to accommodate a significant 
increase in expected domestic consumption by the year 2000. 
The changes in the relative productivity of land used to produce the 
12 major crops are evident from a comparison of crop yields (Table 3.10). 
At the national level and within the Region, the projected yields of the 
selected major crops, except sorghum, are expected to increase by the 
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year 2000. The decrease in yield noted for sorghum occurs because under 
the optimal plan specified in the Trend Alternative sorghum production is 
shifted out of the higher moisture areas of the North Central Region to 
less productive land. Except for sorghum, wheat shows the lowest per­
centage increase in yield reflecting the difficulty in overcoming the 
moisture deficit conditions experienced in the areas where wheat produc­
tion concentrates. The national average wheat yield increases more than 
the average in the Region due to the higher yields in the Northwest where 
wheat is irrigated more extensively. 
Overall, the yield impacts reflect the extension of technological 
advancement that has occurred over the period 1949-70 up to the year 2000. 
The yield changes do not reflect any impact that the energy crisis may 
have on fertilizer availability but assumes that the fertilizer prices 
and commodity prices wiii be maintained at the 1972 real relative price 
levels. The 1972 price level and input base are maintained to allow the 
model to be consistent with a series of studies done in conjunction with 
the 1975 National Water Assessment by the U.S. Water Resources Council. 
Shadow Prices and 
Resource Returns 
Shadow prices 
One very important set of output data forthcoming from the solution 
of the linear programming model are the shadow prices. There are three 
sets of shadow prices: (1) on resources used; (2) on final commodities; 
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Table 3.10. Average yield of the selected major crops in the North 
Central Region and the nation under the Trend Alternative 
with the average 1972 through 1974 annual yields for 
comparison 
North Central Region National total 
Crop 2000 
1972-1974 
Ave.® 
Percentage 
change 2000 
1972-1974 
Avg.3 
Percentage 
change 
(bushels per acre) 
Barley 48.0 34.8 38 53.1 37.3 42 
Corn 126.6 88.6 43 123.6 86.0 44 
Oats 70.9 49.3 44 66.9 48.4 38 
Sorghum 53.4 54.5 -2 52.7 54.9 -4 
Wheat 36.3 29.4 23 36.4 27.3 33 
Soybeans 42.7 28.0 53 40.0 25.8 55 
^Source: Statistical Reporting Service, 1975. 
and (3) on restraints in the model. A shadow price on resource inputs 
represents the amount by which the total cost of the model (the objective 
function value) will change for a one unit reduction in the availability 
of the resource. In addition the shadow price can be interpreted as the 
opportunity cost or value of one additional unit of the resource. The 
shadow price or opportunity cost of a resource within the model is zero 
unless all of the resource is used. 
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As indicated in Chapter II restraints or bounds are placed on 
production levels and irrigated acres in the appropriate producing areas 
and market regions. Shadow prices are calculated for these restraints 
and reflect the change in the value of the objective function if the 
restraint is lowered by one unit. They represent a penalty placed on 
the production system by forcing production on land in a particular 
region that otherwise may not be used for a certain crop or may not be 
used at all if the commodities could be produced more economically else­
where. These penalties are added to the cost of the final commodities. 
The shadow prices on commodities represent the addition to total 
cost of the last unit of each commodity produced. The commodity shadow 
price is the marginal cost associated with the production of the specified 
commodity. Shadow prices on commodities can also be interpreted as the 
farm level value of the last unit of the commodity. Table 3.11 shows the 
actual 1972 prices and the Trend Alternative solution shadow prices of 
the major commodities. However, care should be taken in reviewing these 
prices because they are not directly comparable. The solution shadow 
price of the commodities are determined by the model under a specific 
set of assumptions. The actual prices are determined in the market and 
are influenced by marketing and speculative forces. 
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Table 3.11. Farm level commodity prices (shadow prices) for the North 
Central Region (NCR) and the United States (U.S.) from the 
Trend Alternative and actual 1972 prices 
Commod i ty Unit 
Trend Alternative® 
NCR U.S. 
Actual. U.S. 
1972^ 
Corn bu. .94 Co
 
1.29 
Sorghum bu. .99 .93 1.26 
Barley bu. 1.02 1.01 1.11 
Oats bu. .70 .72 .67 
Wheat bu. 1.28 1.33 1.67 
OiImeals cwt. 4.65 4.80 7.04 
Cotton bale 84.59 106.99 128.64 
Sugar ton 10.02 11.35 16.00 
^Prices in 1972 dollars. 
^Source: U.S. Water Resources Council, 1974. 
Net returns to..land 
Shadow prices are computed within the model for land and water 
and are used in the model to determine the net returns to these resources. 
Charges for all other resources used in the model are included in the 
objective function coefficients for each production activity. The shadow 
prices for land represent the per acre land rent or land returns. The 
shadow price for land is calculated as the net return to land when the 
crop production cost coefficient in the objective function includes a 
charge for all expenses except an interest charge on land investment. 
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The cost of producing the last unit of a particular commodity 
determines the price of that commodity in the model. The net return 
obtained from the production of the last (marginal) unit of the commodity 
is zero for the (marginal) area in which this marginal unit is produced. 
This occurs because the additional returns generated from producing the 
marginal unit just equals the added cost of producing that last unit in 
the marginal area. Total returns to each acre of land producing the 
commodity in question is calculated by multiplying the commodity price 
of the marginal unit by the commodity yield specific to each acre of 
land used. Net returns to land are then calculated by subtracting the 
per acre production costs for each acre of land. The residual (net 
returns per acre) represents the land rent or the per acre return to 
the land over and above the amount necessary to keep the land in 
production. 
National and regional level Land returns are calculated nationally 
and regionally in the model for both dryland and irrigated land, and by 
land class for each of the land capability classes defined in the North 
Central Region. Table 3.12 shows the per acre returns (shadow price) at 
the national and regional levels generated by the Trend Alternative. Also 
shown are the total acres of dryland and irrigated land used for both 
endogenous and exogenous crops combined. The relative prof i tab il ity of the 
land in the North Central Region compared to the land outside the Region 
is evident from these data. The overall returns to dryland and irrigated 
land are $25.43 per acre and $37.90 per acre, respectively, in the North 
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Table 3.12. Cropland acreages used and net returns to land per acre in 
the production of the 12 major crops and summer fallow in 
the United States, North Central Region (NCR) and areas 
outside the NCR under the Trend Alternative 
Region and 
land class 
Cropland 
acreage used 
Net 
to 
return 
land® 
Dry 1rrîgated Dry 1rrigated 
(mi 11 ions of acres) (dollars per acre) 
United States 322.7 40.2 20.69 19.83 
North Central 
Reg i on 
1, II 131.0 7.6 30.38 40.06 
III, IV 62.3 1.0. 15.21 21.52 
V-VI11 0.7 0*) 7.64 18.56 
Total NCR 194.0 8.6 25.43 37.90 
Outside the NCR 128.7 31.6 13.56 14.93 
®ln 1972 dollars. 
Rounds to zero. 
Central Region. This is compared to $13.56 per acre and $14.93 per acre 
returns to dryland and irrigated land respectively in areas outside the 
Region. 
The return to dryland is slightly higher than the return to irrigated 
land at the national level. This rather unexpected result occurs because 
the returns to land shown in Table 3.12 are the compos it or average 
shadow prices generated in the production of the endogenous crops only. 
The North Central Region has a strong comparative advantage in the 
production of these crops as is indicated by the respective shadow prices. 
The net return to dryland in the Region is higher than the net return to 
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irrigated land outside the Region. Therefore, with the very heavy 
concentration of production of the major endogenous crops (particularly 
corn, soybeans, and wheat) on un irrigated cropland in the North Central 
Region, the national average net return to dryland is higher than the 
national average net return to irrigated land. 
State and subreqional level At the state level within the Region 
and at the zone level outside the Region the respective shadow prices 
are indicative of the relative advantage or profitability of each state 
and zone in terms of returns to land (Tables 3.13 and 3.14). Illinois 
has the largest per acre return to dryland of any state or zone and North 
Dakota shows the largest per acre return to irrigated cropland in the 
production of the 12 major crops. In Iowa, Missouri, North Dakota, and 
South Dakota the quantity of land under irrigation is relatively small 
compared to the total acreage of dryland in these states. Thus, the 
high returns to irrigated land in these states have only a small influence 
on the national average. 
The net returns per acre in Zones 4 through 7 are particularly low 
and are comparable to the shadow prices generated in the lower land 
classes in Kansas, Nebraska, North Dakota, and South Dakota. It should 
be remembered, however, that the shadow prices are determined only for 
endogenous crops so the high per acre returns common to many of the 
specialty crops exogenous to the programming model are not considered in 
the net returns figures shown in these tables. 
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Table 3.13. Cropland acreages used and net return to land per acre by 
land class in the production of the 12 major crops and 
summer fallow in the states of the North Central Region 
under the Trend Alternative 
State and 
land class 
Cropland 
acreage used 
Dry Irrigated 
Net return 
to land® 
Dry Irrigated 
(thousands of acres) (dollars per acre) 
Illinois 
I, II 
III, IV 
V-VI 11 
Total 
Indiana 
I, II 
III, IV 
V-VI11 
Total 
18,458 
4,462 
5 
22,925 
10,200 
2,570 
5 
12,775 
45.92 
31.84 
0 
43.17 
45.60 
25.26 
0 
41.48 
Iowa 
I, 11 
HI, IV 
V-VI11 
Total 
16,175 
8,074 
7 
24,256 
9 
9 
0 
18 
39.91 
24.45 
0 
34.75 
104.17 
46.21 
0 
73.50 
Kansas 
I. I I 
III, IV 
V-VI11 
Total 
Michigan 
I, II 
111, IV 
V-VI11 
Total 
12,250 
10,628 
405 
23,283 
5,904 
3,075 
31 
9,010 
2,746 
365 
7 
3,118 
23.07 
9.41 
7.48 
16.56 
35.07 
13.21 
0 
27.49 
31.24 
11.83 
7.37 
28.91 
In 1972 dollars. 
Irrigation is not defined in this state. 
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Table 3.13. (continued) 
State and 
land class 
Cropland 
acreage used 
Dry Irrigated 
Net return 
to land 
Dry Irrigated 
(thousands of acres) (dollars per acre) 
Minnesota 
I, II 
III, IV 
V-VIII 
Total 
15,317 
5,327 
14 
20,658 
26.43 
13.17 
0 
22.99 
Missouri 
I. II 
III, IV 
V-VI11 
Total 
5,029 
8,237 
8 
13,274 
14 
19 
0 
33 
29.05 
11.87 
0 
18.37 
77.29 
17.27 
0 
43.21 
Nebraska 
I, II 
III, IV 
V-VI11 
Total 
6,280 
4,076 
132 
10,488 
4,534 
390 
16 
4,940 
16.40 
4.20 
16.75 
11.67 
41.80 
12.72 
23.11 
39.45 
North Dakota 
I, II 
III, IV 
V-VI11 
Total 
17,378 
5.492 
39 
22,909 
68 
10 
0 
78 
13.09 
9.04 
0 
12.10 
106.84 
72.60 
0 
102.21 
Ohio 
I, II 
III, IV 
V-VI11 
Total 
7,899 
3,178 
4 
11,081 
41.21 
18.39 
0 
34.65 
South Dakota 
I, II 
Ml, IV 
V-VI II 
Total 
10,039 
3,551 
22 
13,612 
202 
178 
0 
380 
13.97 
9.88 
0 
12.88 
92.97 
56.93 
0 
76.15 
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Table 3.13. (continued) 
Cropland Net return 
State and acreage used to land^ 
land class Dry Irrigated Dry 1rrigated 
(thousands of acres) (dollars per acre) 
Wi sconsin 
1, II 6,082 -b 30.50 _b 
III, IV 3,639 20.45 -
V-VI11 14 0 -
Total 9,735 26.70 -
Total returns to land and labor 
Resource returns are determined in the model and reflect the changes 
in income earnings of the land and labor resource components. Labor 
returns reflect an estimated value of the total labor input in an area. 
This return includes an estimate of the labor return to both the hired 
and operator components valued at the hired labor wage rate. Valuing all 
labor at the hired labor rate results in the management return being 
included in the return to the fixed resource base in the form of a return 
to land and management. 
The land return reflects the value of land in different areas and 
by varying quality classes as a resource in agricultural production, it 
does not include any increases in the value of land in anticipation of 
any speculative gain from holding the resource over time. Because of 
this, it is difficult to compare these figures to any historic land 
value figures as historic land values reflect a major speculative 
component. 
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Table 3.14. Cropland acreages used and net returns to land per acre in 
the production of the 12 major crops and summer fallow in 
the areas outside the North Central Region under the Trend 
Alternative 
Cropland Net return 
acreage used to land 
Zone Dry Irrigated Dry Irrigated 
(thousands of acres) (dollars per acre) 
Zone 1 12,856 
_b 
18.22 
_b 
Zone 2 47.830 55 19.49 28.38 
Zone 3 6,363 
_b 
20.07 
_b 
Zone 4 33,388 10,370 7.06 10.09 
Zone 5 15,911 3,943 6.83 32.10 
Zone 6 10,734 6,459 9.41 16.87 
Zone 7 1,646 10,807 3.38 12.08 
®ln 1972 dollars. 
^Irrigation is not defined in this zone. 
With these limitations on interpretation of the land and labor 
values compared to most published data, it is difficult to discuss the 
impact of the Trend Alternative relative to a present-day base. How­
ever, the data calculated in this way do provide an ideal means of sing­
ling out the impact of shifts in the agricultural resource use patterns 
and is therefore employed to give comparisons for each of the alternative 
policies evaluated in the subsequent chapters. 
The returns to land and labor used In the production of the 12 major 
crops and summer fallow are aggregated to the national level as shown in 
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Table 3.15. Value of selected resources used in the production of the 
12 major crops and summer fallow in the United States, 
North Central Region (NCR), and areas outside the NCR under 
the Trend Alternative® 
Total returns Labor 
Reg i on to cropland used expenditure 
United States 7,138 2,306 
North Central Region 5,177 1,170 
Percentage of the U.S. 72.5 50.7 
Outside the NCR 1,961 1,136 
Percentage of the U.S. 27.5 49.3 
^In millions of 1972 dollars. 
Table 3.15. The North Central Region contains 55.8 percent of the 
nation's cropland used (Table 3.4). However, the Region receives 72.5 
percent of the nation's returns to land and 50.7 percent of the nation's 
labor expenditures under the Trend Alternative. The high proportion of 
the national return to land received by the Region reflects the high 
productivity of the land. The relatively efficient methods of production 
used reduce the production costs and increase net returns per acre which 
determine the resource return. The efficient production methods and the 
full utilization of labor as reflected in the underlying crop production 
budgets result in the labor expenditures being proportionately less than 
the Regions share of land used. 
The differences in the returns to land and labor among the states 
of the North Central Region and zones outside the Region are reflected 
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in the data shown in Tables 3.16 and 3.17. Within the Region Illinois 
and Iowa have the largest shares of land returns while Kansas has the 
largest share of labor expenditures. Outside the Region Zone 2 has the 
largest share of both land and labor returns. Figure 3.2 shows that 
Illinois and Iowa also receive the largest relative shares of the 
national return to land with 14.0 and 12.2 percent, respectively. Zone 2 
receives the next largest share with 11.7 percent of the total returns to 
land from the production of the 12 major crops and suiraner fallow. 
The returns to land and labor expenditures, determined by the 
model for the Trend Alternative, will become an important point of 
reference for comparing the relative impact of the various alternative 
land use policies in subsequent chapters. Labor expenditures will shift 
nearly proportionally to the shifts in crop production, but returns to 
land are subject to more fluctuation as they include the management 
returns component as wel 1. 
Changes in the returns to land, as affected by subsequent policy 
alternatives, will be a reflection of the commodity prices used in 
determining the gross returns to land and the total quantity of land 
that is used. A policy that increases the available land base could be 
expected to reduce the commodity prices or leave them unchanged depending 
on the productivity of the land. If the productivity level of the addi­
tional land added to the land base is sufficiently low so that it comes in­
to use at the margin or is not actively utilized in production this new 
land will have no impact on commodity prices. If on the other hand, it is 
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Table 3.16. Value of selected resources used in the production of the 
12 major crops and summer fallow in the states of the . 
North Central Region (NCR) under the Trend Alternative^ 
Total returns Labor 
States to cropland used expend iture 
North Central Region 5,176.670 1,169,511 
111inoi s 996,464 122,052 
7o of NCR 19.2 10.4 
Indiana 522,240 72,621 
% of NCR 10.1 6.2 
Iowa 868,647 126,241 
% of NCR 16.8 10.8 
Kansas 512,896 192,193 
% of NCR 9.9 16.4 
Michigan 183,499 74,293 
% of NCR 3.5 6.4 
Minnesota 472,335 123,703 
% of NCR 9.1 10.6 
Mi ssouri 248,639 79,344 
% of NCR 4.8 6.8 
Nebraska 239,054 99,182 
% of NCR 5.8 8.5 
North Dakota 219,386 68,099 
% of NCR 4.2 5.8 
Ohio 409,481 87,508 
% of NCR 7.9 7.5 
South Dakota 213,420 62,239 
% of NCR 4.1 5.3 
Wisconsin 230,617 62,038 
% of NCR 4.5 5.3 
^In thousands of 1972 dollars. 
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Table 3.17. Value of selected resources used in the production of the 
12 major crops and summer fallow in the zones of the area 
outside the North Central Region (NCR) under the Trend 
Alternative® 
Total returns Labor 
Zone to cropland used expenditure 
Outside the NCR 1,961,322 1,136,451 
Zone 1 212,111 114,173 
% of Total 10.8 10.0 
Zone 2 838,347 315,086 
% of Total 42.7 27.7 
Zone 3 89,685 37,541 
% of Total 4.6 3.3 
Zone 4 324,976 266,112 
% of Total 16.6 23.4 
Zon 5 219,123 92,059 
% of Total 11.2 8.1 
Zone 6 178,191 116.717 
% of Total 9.1 10.3 
Zone 7 98,890 194,763 
7o of Total 5.0 17.1 
^In thousands of 1972 dollars. 
highly productive land and is used in crop production, the aggregate 
upward sloping supply curve of all commodities will shift to the right 
in response to the increased supply capacity of agriculture. The 
movement to the right of the aggregate supply curve will result in an 
intersection with the Inelastic demand curve for agricultural commodities 
at a lower aggregate commodity price. The lower price will result in a 
reduced gross return and a subsequent reduced net return per acre. 
over 12 percent 
illllll 9 to 12 percent 
6 to 9 percent 
III 3 to 6 percent 
I I 1 to 3 percent 
Figure 3.2. Returns to cropland received by each state and zone as a percent of national 
returns to land under the Trend Alternative 
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In addition to the price impact if the land introduced by the new 
policy has a higher productivity this would reduce the total number of 
acres required to meet the inelastic demand. The reduced acreage tends 
to magnify the price impact on the change in net returns. 
If land is withdrawn from crop production under a given policy 
alternative, the price and acreage impacts will be reversed and will 
likely cause the net return to land to increase. This increase will 
occur if the relative productivity of the land withdrawn is great enough 
to reduce the effective supply capacity of the agricultural sector. The 
reduced effective supply capacity will have both a price and acreage 
impact in line with the inelastic demand for agricultural commodities 
(and land for production purposes) causing both the gross and net returns 
to land to increase. 
Regionally, changes in land availability have a third possible 
interaction that can affect the net return to land within any given 
region. Besides the overall price and acreage used impacts, the pro­
duction of commodities may shift to or from another region where the 
policy had a more restrictive impact. In this way the acreage change 
resulting from a land use policy can potentially impact regional net 
returns opposite to the overall national impact. This influence is 
important in breaking out the regional impacts of regional or national 
land use policies, especially when the region affected most severely 
must compete with regions not as severely affected or entirely outside 
the area influenced by the policy. 
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Consumer Impacts 
The consumer impacts of the alternative policies will be measured 
by comparing the commodity prices of each of the alternative futures to 
the Trend Alternative. The prices of the commodities reflect the 
marginal cost of supplying an additional unit of the commodity at the 
demand point in terms of 1972 dollars. The price levels discussed in 
this study reflect farm level prices and do not include any of the 
marketing mark-ups. The final impact of any of the alternatives on the 
consumer will be a function of the level of the marketing margins and 
the form that the mark-ups take. In subsequent chapters further compari­
sons will be made in terms of per capita food costs which represent 
production costs only and do not include the marketing margins. 
Summary and Conclusions 
The primary purposes of this chapter are first to project the optimal 
use of land and related resources to the year 2000 simulating a con­
tinuation of present trends and government policies up to that time. 
Secondly, the optimal distribution of agricultural production and the 
optimal status of other key variables are established under the Trend 
Alternative to be used as points of reference for subsequent land use 
policy alternatives to be compared. The results of the Trend Alternative 
are normative and can be viewed as the optimal state or status of U.S. 
agriculture given the objective function and the data used while extending 
existing trends and government policies to the year 2000. The basic 
production requirements for the agricultural sector are based on a 
national (48 contiguous states) population of 262 million people in the 
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year 2000. 
The total land resource base available as of 1975 is estimated at 
almost 1.4 billion acres of agricultural land. Of this amount, approxi­
mately 400 million acres are available for cropland. Of the total 
agricultural land, 436 million acres are located in the North Central 
Region with 223 million acres available for cropland in the Region. 
Estimating the land base for the year 2000 under the Trend Alternative 
results in the removal of 31 million acres of agricultural lands for 
nonagricultural purposes. Some 13 million acres of this land will come 
from cropland of which almost 6 million acres are located in the North 
Central Region. Within the Region, the largest absolute amounts of crop­
land withdrawn are in Illinois, Ohio, Indiana, and Iowa. The relative 
magnitude of these withdrawals is largely related to population and 
industrial growth expected in these four states. On a percentage of 
available land converted basis, the largest cropland withdrawals occur 
in Ohio (6.1 percent), Indiana (5.2 percent), Illinois (4.6 percent), 
Michigan (4.2 percent), and Wisconsin (3.9 percent). The lowest per­
centages occur in the western states of the Region with Nebraska, Kansas, 
North Dakota, and South Dakota ranging from one percent to 1,5 percent of 
the available cropland. However, the areas expected to be the most 
severely affected are outside the North Central Region. These areas 
include the northeastern United States containing the atlantic coast region 
where nearly 10 percent of available cropland is expected to be converted 
by the year 2000. New York City and the adjacent heavily developed and 
industrialized urban centers are included in this area. The impact of land 
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conversion is also significant in the southwestern United States, contain­
ing California and Arizona, where 6.4 percent of this area's cropland is 
expected to be converted. 
The final 364 million acres available for the 12 major crops and 
summer fallow reflect the above adjustments and an additional allocation 
of nearly 24 million acres for crops exogenous to the model. This land 
base can be supplemented by wet soil drainage and clearing to convert 
pasture and forest lands to cropland if the return to land, as determined 
in the model, is sufficiently high to cover the amortized development 
costs. 
A total of 340 million acres of cropland are used for the 12 major 
crops and summer fallow by the year 2000. This represents an increase 
of approximately 30 million acres from the annual average of 309 million 
acres during the period 1972-74. The 1974 acreages were substantially 
above the average reflecting successful government efforts to increase 
agricultural production. In the North Central Region, cropland used for 
all crops reached 91-4 percent of the available land base with individual 
states ranging from a high of 98 percent in Ohio to lows of 80 to 90 
percent in Nebraska, South Dakota, Missouri, and Wisconsin. 
Production patterns reflect the projected demand for the various 
commodities with soybean production increasing 158 percent, wheat only 
one percent, and most of the feed grains 30-40 percent from the 1972-
74 averages. The exception for the feed grains is barley with over a 
70 percent increase nationally, from the 1972-74 levels. However, the 
1972-74 average barley production was relatively small compared to 
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other feed grains. The increase in barley production is encouraged by 
the projected increase for livestock feeding in the northern Plains and 
West where barley is a major feed grain. 
Total national corn acreage declines as yields are expected to in­
crease proportionately more than demands by the year 2000. Wheat also 
experiences a net decline in acres from the 1972-74 annual average 
national acreage planted. One of the most significant impacts of the 
Trend Alternative is the increase of 17 million acres in soybean pro­
duction which occurs to accommodate the projected increase in domestic 
feed requirements and the large projected increase in exports. 
Within the North Central Region the agricultural sector becomes even 
more specialized in the production of corn, soybeans and wheat. Corn and 
soybeans are almost equal in acreage and are concentrated in the eastern 
and central part of the Region. Wheat is concentrated in the western 
part of the Region. These three crops use approximately 87 percent of 
the cultivated acres in the Region under the Trend Alternative. If the 
summer fallow acreage used with wheat is added the percentage is even 
higher. 
Resource returns can be evaluated to determine the impacts on the 
land and labor sectors, but they do not provide an easy comparison to 
present expenditures or returns. The total return to cropland used 
amounts to slightly over 7 billion dollars, nationally. Of this amount, 
72 percent is attributed to cropland in the North Central Region. 
The North Central Region will continue to play an important part in 
U.S. agricultural production. If trend patterns continue, the Region will 
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gain in relative returns even though much of the increase in cropland 
utilization shifts to other areas of the nation. The greater increase in 
land usage in the areas outside the Region reflects the existing high 
rate of utilization of the high quality cropland in the Region. 
CHAPTER IV. RETENTION AND CONSERVATION 
OF AGRICULTURAL LAND 
One of the over-riding concerns associated with the retention of prime 
agricultural lands is the question of having adequate land for the produc­
tion of the nation's future food and fiber needs. In July 1975 a U.S. 
Department of Agriculture land use seminar on the retention of prime lands 
reviewed many important aspects of this complex set of issues (Committee 
on Land Use, 1975a, b). Differing points of view were expressed relative 
to the impacts of the withdrawal of agricultural land for urban and other 
nonagricultural uses. There was concern for the need to develop a 
standardized system for identifying, classifying, inventorying, and mapping 
the highly productive agricultural lands of the United States. This 
information is essential to any analysis of alternative land use policies. 
Several of the seminar participants suggested that there are adequate land 
resources in the United States to meet projected demands for food and 
fiber until 2000. However, some participants in the seminar suggested 
that the projections used in determining thé adequacy of these resources 
may not reflect the possibility of reduced energy supplies or more 
restrictive environmental constraints. Problems such as these may require 
more land-intensive technology than was assumed in making these projec­
tions. It also was stressed that the principal impact of increasing with­
drawals of agricultural land for nonagricultural uses will be felt in the 
vicinity of growing cities. Therefore, looking at these issues from a 
macro level may downplay many important trade-offs and interactions at the 
local and state level. 
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As individuals and interest groups have become more aware of these 
problems, they are placing increased pressure on policy makers. Their 
hope is to encourage policies that will retain prime agricultural land 
in agricultural uses and to conserve fragile land for the benefit of 
future generations. This chapter will examine the expected potential 
impacts on agriculture if policies are implemented in the North Central 
Region to accommodate retention and conservation of these lands. 
Policy Alternative Definitions 
The linear programming model is adapted to simulate three alterna­
tive policy variations, each involving a deviation from the Trend Alterna­
tive by way of unique modifications in the land base available for agri­
cultural production. The first is termed the Prime Lands Alternative. 
The second is the Fragile Lands Alternative. The final variation is the 
Prime-Fragile Alternative. All three alternatives together will be 
referred to as the Land Preservation Alternatives. As described in 
Chapters II and III, the land base used is the Conservation Needs 
Inventory (CNI) adjusted to the year 2000. 
Prime lands are defined to include all land in capability classes I 
and II as defined by the Soil Conservation Service (Klingebiel and 
Montgomery, 1961). The Prime Lands Alternative simulates the preserva­
tion of prime lands to the year 2000 by prohibiting the conversion of 
these lands to urban and other nonagricultural uses in the North Central 
Region. More than 61 percent of the North Central Region's total crop­
land is in the prime land category. This compares to only 43 percent in 
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the area outside the Region. Also, the Region contains over 55 percent 
of the nation's total cropland and over 64 percent of the total prime 
cropland in the nation. Therefore, the Region is extremely important 
to agricultural production in the United States (Table 4.1). Figure 4.1 
shows prime cropland as a percentage of total cropland for each state 
and zone. With the exception of Missouri, all states in the Region have 
over 50 percent of their cropland in the prime land category. 
Nearly 64 percent of the total prime agricultural land^ in the 48 
contiguous states is classified as cropland. In the North Central Region 
approximately 76 percent of the prime agricultural land is classified 
as cropland and 24 percent as noncropland (Table 4.2). In the area 
outside the Region approximately half of the prime land is in noncropland 
uses. This land is classified as noncropland for a variety of reasons. 
Some of the land is in small scattered tracts and some is intermingled 
with poorer quality land making it uneconomic for intensive crop produc­
tion. Also, part of the prime noncropland is used for farmsteads, farm 
lands, fencelines, and urban-type uses located in other wise rural areas. 
It is suggested that only a small part of such land can be brought into 
cultivation (Frey and Otte. 1975). In addition to these factors, there 
are substantial acreages of permanent pasture in capability classes I and 
II in the Plains states and the western states that are potentially 
suitable for intensive cultivation if irrigation was provided. 
^Prime agricultural land includes land used for cropland, hayland, 
pasture, range, forest, and other land that is classified as class I or 
11 I and i n the CNI. 
vo 
00 
Over 70 percent 
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I I Under 40 percent 
Figure 4.1. Prlme^cropland^acreage^as^a^percentage o^^^ota^ the^area outside the NCR, 1974 
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Table 4.1. Inventory of total cropland and prime cropland in the United 
States, the North Central Region (NCR) and the area outside 
the NCR in 196?^ 
Prime cropland 
Total Prime . as a percentage of 
Region cropland cropland^ total prime land 
(thousands of acres) 
United States*^ 398,107 211,612 53.2 
North Central Region 222,309 135,920 61.1 
Percentage of U.S. 55.8 64.2 
Outside the NCR 175,798 75,692 43.1 
Percentage of U.S. 44.2 35.8 
^Source: Conservation Needs Inventory Committee, 1971. 
^"Prime" land is defined as acreage in classes ! and I! lands of the 
Conservation Needs Inventory in this and all subsequent tables using the 
term. 
^In this and all subsequent tables of this chapter, the United 
States category includes only data for the 48 contiguous states. 
An analysis of the availability and use of prime lands in each of 
the states within the North Central Region indicates that a high propor­
tion of these lands is in cropland uses (Table 4.3). Of the 12 states, 
Illinois has the largest amount of prime agricultural land. Of the 22.2 
million acres of prime agricultural land available in Illinois, 18.6 
million acres or 84 percent of this total is devoted to cropland. Mis­
souri has the smallest number of acres of prime agricultural land with 
100 
Table 4.2. Inventory of total prime agricultural land and prime 
cropland in the United States, the North Central Region 
(NCR) and the area outside the NCR in 1967® 
Region 
Total prime 
agricultural 
landb 
Prime 
cropland 
Prime cropland 
as a percentage of 
total prime land 
(thousands of acres) 
United States 332,746 211,612 63.6 
North Central Region 178,987 135,920 75.9 
Percentage of U.S. 53.8 64.2 
Outside the NCR 153,759 75,692 49.2 
Percentage of U.S. 46.2 35.8 
^Source: Conservation Needs Inventory Committee, 1971. 
^Includes the Conservation Needs Inventory acreages in classes I 
and II cropland, hayland, pasture, range, forest, and other land 
categories. 
slightly less than 7.4 million acres of which 62 percent is devoted to 
cropland. The proportion of prime lands used for cropland varies from 
57 percent in Michigan and Wisconsin to 87 percent in Iowa. The average 
for the Region is 76 percent. 
Fragile lands are defined to include part of the acreage in the 
CNI land capability class IVe (for counties with high wind erosion 
Table 4.3. Inventory of prime agricultural lands by major use category In the states of the North 
Central Region (NCR) in 1967 
State Cropland Hayland 
Pasture 
land 
Range 
land 
Forest 
land 
Other 
land 
Total 
land 
(thousands of acres) 
North Central Region 135,920 3,411 9,963 8,291 14,100 7,299 178,987 
Illinois 18,632 115 1,403 0 1,029 978 22,157 
% of NCR 13.7 3.4 14.1 0 7.3 13.4 12.4 
Indiana 10,311 118 1,022 0 1,130 811 13,392 
% of NCR 7.6 3.5 10.3 0 8.0 11.1 7.5 
Iowa 15,993 55 1,268 0 441 593 18,350 
% of NCR 11.8 1.6 12.7 0 3.1 8.1 10.2 
Kansas 14,393 175 314 2,195 507 202 17,786 
% of NCR 10.6 5.1 3.2 26.5 3.6 2.8 9.9 
Michigan 5,537 145 361 0 2,790 916 9,749 
% of NCR 4.1 4.3 3.6 0 19.8 12.5 5.4 
Minnesota 14,383 295 950 15 2,798 855 19,296 
% of NCR 10.6 8,6 9.5 0.2 19.8 11.7 10.8 
Mlssourl 4,566 188 1,152 83 990 380 7,359 
% of NCR 3.4 5.5 11.6 1.0 7.0 5.2 4.1 
Nebraska 9,829 234 428 1,225 142 339 12,196 
% of NCR 7.2 6.8 4.3 14.8 1.0 4.6 6.8 
North Dakota 17,685 684 625 2,134 206 420 21,754 
% of NCR 13.0 20.1 6.3 25.7 1.5 5.7 12.1 
^Source: Conservation Needs Inventory Committee, 1971. 
Table 4.3. (continued) 
Pasture Range Forest Other Total 
State Cropland Hayland land land land 1 and land 
(thousands of acres) 
Ohio 8,201 195 819 0 1,135 748 11,098 
% of NCR 6.0 5.7 8.2 0 8.0 10.2 6.2 
South Dakota 10,049 972 670 2,639 59 400 14,789 
% of NCR 7.4 28,5 6.7 31.8 0.4 5.5 8.3 
Wisconsin 6,343 236 952 0 2,873 656 11,060 
% of NCR 4.7 6.9 9.6 0 20.4 9.0 6.2 
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2 potential ) and all acreages in classes V through VIII. To simulate the 
conservation of these lands in the Region under the Fragile Lands 
Alternative fragile lands are restricted from all agricultural uses 
(except well-managed pasture for grazing). These lands are generally 
considered unsuitable for cropping except for some specialty crops such 
as rice and cranberries which have unique land requirements. Of the 
22.6 million acres of the fragile land identified in the CNI as crop­
land in 1967, approximately 30 percent (7.1 million acres) of it was 
located within the Region (Table 4.4). Figure 4.2 shows fragile cropland 
acreage as a percentage of total cropland acreage for each state in the 
Region. Wisconsin and Missouri are the only two states in the Region 
where fragile (class V through VIII) cropland exceeds five percent of the 
total cropland acreage. 
The Prime-Fragile Alternative provides a situation where the basic 
assumptions of both the Prime Lands Alternative and the Fragile Lands 
Alternative are combined. This alternative provides a basis for 
evaluating the potential impacts of policies containing elements of both 
the Prime Lands and the Fragile Lands Alternatives. 
Land Base Adjustments 
The primary deviation from the Trend Alternative for each of the 
Land Preservation Alternatives is a unique modification of the land base 
available for the production of the major crops. Initially, the 1967 land 
2 Counties with high wind erosion potential consist of those counties 
identified by the U.S. Soil Conservation Service as having received severe 
wind erosion damage in the past (Heady, Madsen, Nicol, and Hargrove, 197$. 
« 
Over 10 percent 
5 to 10 percent 
1 to 5 percent 
Data not available (N.A.) 
o 
-p-
Figure 4.2. Fragile (class V through VIM) cropland as a percentage of total cropland in the 
states of the North Central Region, 1974 
Table 4.4. Inventory of fragile agricultural lands by major use category In the states of the 
North Central Region (NCR) in 1967® 
Total 
State Cropland Hay I and 
Pasture 
land 
Range 
land 
Forest 
land 
Other 
land 
fragile 
1 and 
(thousands of acres) 
North Central Region 7,114 2,083 7,394 47,816 32,483 3,737 101,481 
Illinois 
% of NCR 
443 
6.2 
35 
1.7 
774 
10.5 
0 
0 
1,563 
4.8 
185 
5.0 
3,001 
3.0 
Indiana 
% of NCR 
236 
3.3 
33 
1.6 
534 
7.2 
0 
0 
1,708 
5.3 
183 
4.9 
2,695 
2.7 
Iowa 
% of NCR 
874 
12.3 
42 
2.0 
1,064 
14.4 
23 
0 
1,468 
4.5 
102 
2.7 
3,574 
3.5 
Kansas 
% of NCR 
872 
12.3 
148 
7.1 
203 
2.7 
9,080 
19.0 
621 
1.9 
132 
3.5 
11,054 
10.9 
Michigan 
% of NCR 
309 
4.3 
51 
2.4 
222 
3.0 
0 
0 
4,156 
12.8 
511 
13.7 
5,248 
5.2 
Minnesota 
% of NCR 
424 
6.0 
274 
13.2 
512 
6.9 
22 
0 
5,358 
16,5 
1,327 
35.5 
8,779 
8.7 
Missouri 
% of NCR 
853 
12.0 
132 
6.3 
1,902 
25.7 
226 
0.5 
9,148 
28.2 
315 
8.4 
12,575 
12.4 
Nebraska 
% of NCR 
844 
11.9 
112 
5.4 
276 
3.7 
18,653 
39.0 
676 
2.1 
153 
4.1 
20,711 
20.4 
North Dakota 
% of NCR 
907 
12.7 
459 
22.0 
256 
3.5 
6.020 
12.6 
251 
0.8 
136 
3.6 
8,026 
7.9 
^Source: Conservation Needs Inventory Committee, 1971. 
Table 4.4. (continued) 
State Cropland Hay land 
Pasture 
land 
Range 
land 
Forest 
land 
Other 
land 
Total 
fragl li 
land 
(thousands of acres) 
Ohio 190 80 737 0 3,064 175 4,247 
% of NCR 2.7 3.8 10.0 0 9.4 4.7 4.2 
South Dakota 489 648 123 13,792 557 149 15,756 
% of NCR 6.9 31.1 1.7 28.8 1.7 4.0 15.5 
Wisconsin 673 69 791 0 3,913 369 5,815 
% of NCR 9.5 3.3 10.7 0 12.0 9.9 5.7 
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base was adjusted for additions to cropland from irrigation and wet soil 
development between 1967 and 1974. Then, withdrawals were made from the 
land base for projected urban and other nonagricultural needs. The 
distribution of these withdrawals is different for each of the Land 
Preservation Alternatives because of the unique restriction placed on the 
model under each alternative. For example, under the Trend Alternative 
3.8 million acres of land are projected to be withdrawn from prime crop­
land for nonagricultural uses in the North Central Region by the year 
2000 (Table 4.5). Under the Prime Lands Alternative none of these with­
drawals for nonagricultural uses are allowed to come from prime lands in 
any of the 12 North Central Region states. Instead, the 3.8 million 
acres of the projected nonagricultural land withdrawals are distributed 
among the remaining CNI land capability classes (e.g. class III through 
VIII lands) within the various CNI agricultural land use categories (e.g. 
cropland, pasture, range, forest, and other land). This, in effect, 
means that under the Prime Lands Alternative all of the prime cropland is 
retained for crop production. Not all of the 3.8 million acres needed 
for nonagricultural uses are shifted to classes III through VIII cropland 
but are partly distributed among the other land use categories as well. 
This results in a distribution of nonagricultural development over all 
agricultural lands in the region except land in classes I and II. 
Under the Trend Alternative approximately 161,000 acres of land 
are projected to be withdrawn from fragile lands for nonagricultural uses 
(Table 4.6). Under the Fragile Lands Alternative these withdrawals are 
Table 4.5. Prime cropland available and projected withdrawals for nonagrfcultural uses In 
the states of the North Central Region (NCR) under the Trend Alternative® 
Prime Withdrawals for Adjusted Percentage 
Region and cropland. nonagrlcultural prime cropland of adjusted y 
state available uses 1967-2000^ available total cropland 
(thousands of acres) 
North Central Region 137,064 3,817 133,248 61.4 
111inoi s 18,697 846 17,850 78.2 
Indiana 10.382 518 9,864 76.8 
Iowa 16,051 391 15,660 61.1 
Kansas 14,595 139 14,458 50.9 
Michigan 5.563 255 5,308 58.6 
Minnesota 14,605 283 14,321 66.5 
Missouri 4,656 148 4,507 30.0 
Nebraska 10,153 95 10,058 52.8 
North Dakota 17,682 199 17,482 69.6 
Ohio 8,261 481 7,780 69.7 
South Dakota 10,068 161 9,908 63.8 
Wisconsin 6,352 301 6,051 55.5 
*Data presented In this and all subsequent tables in this chapter are for the year 2000 
unless otherwise stated. 
^The 1967 prime cropland adjusted for Irrigation and wetland development from 1967 to 1974. 
^Acreages of nonagrlcultural needs expected to be withdrawn from prime cropland only. 
^Percentage of adjusted total cropland available (Table 4.2). 
Table 4.6. Fragile cropland available and projected withdrawals from fragile cropland for 
nonagrIcultural uses In the North Central Region under the Trend Alternative 
Fragile Withdrawals for Adjusted Percentage 
Region and cropland nonagrIculturaj fragile cropland of adjusted 
state available uses 1967-2000 available total cropland 
(thousands of acres) 
North Central Region 7,114 161 6,952 3.2 
111Inois 443 22 421 1.8 
Indiana 236 10 226 1.8 
Iowa 874 22 852 3.3 
Kansas 872 7 865 3.0 
Michigan 309 13 296 3.3 
Minnesota 423 8 415 1.9 
Missouri 853 27 826 5.5 
Nebraska 844 8 836 4.4 
North Dakota 907 9 898 3.6 
Ohio 190 10 180 1 . 6  
South Dakota 489 5 484 3.1 
Wi scons in 673 19 655 6.0 
^The 1967 CNI fragile cropland adjusted for Irrigation and wetland development up to 1975. 
^Acreages of nonagrIcultural needs withdrawn from fragile cropland only. 
''Percentage of adjusted total cropland available (Table 4.2). 
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redistributed among the CNI use categories other than fragile lands and 
among the land in classes I through IV. In addition to the redistribution 
of withdrawals of nonagricultural land needs, the use of all acreages 
(approximately 7 million acres) defined as fragile crop and hay land under 
the Trend Alternative is restricted to pasture, wildlife, or recreational-
open space uses under the Fragile Lands Alternative. This, in effect, 
makes the fragile lands unavailable for crop production and reduces the 
available cropland acreage by approximately 7 million acres. 
Under the Prime-Fragile Alternative the basic land base adjustments 
for the Prime Lands Alternative and the Fragile Lands Alternative are 
jointly incorporated into the model. This adjustment simultaneously 
increases the quantity of prime lands available and removes all fragile 
lands from the available cropland base. This procedure simulates a 
policy that is intermediate in its impact on agriculture, between the 
Prime Lands Alternative and the Fragile Lands Alternative. In other 
words, for the Prime-Fragile Alternative 3.8 million acres are added to 
prime cropland for the year 2000 while 7 million acres of fragile lands 
are subtracted from the available cropland base. 
The adjustments to the land base were made for each respective 
alternative prior to solving the programming model, as explained In 
Chapter II. In addition to these adjustments, the model has the capa­
bility to simulate the conversion of pasture and forest land from the CNI 
land capability classes IIw and 11Iw to cropland. The quantity and 
location of lands converted by this process are determined by their 
availability, potential productivity, and cost of conversion. The process 
Ill 
also considers the location of land to be converted relative to the 
location and productivity of lands already classified as cropland 
throughout the Region and the United States. 
In determining the optimal land use patterns the model may convert 
wet soil pasture or forest acreages to cropland in a particular region, 
and at the same time the model may choose not to use all of the less 
productive land for crop production in that same region. The choice 
depends on the availability of land suitable for conversion and the 
relative productivity of the present cropland when compared to the 
potentially developed land. The combined effects of the change in the 
land base for each policy alternative and of the change In the amount 
of wet soil developed for cropland result in the net change in cropland 
availability for each alternative (Table 4.7). The Trend Alternative and 
Prime Lands Alternative have approximately 397 million acres available, 
the Fragile Lands Alternative has approximately 384 million acres 
available, and the combination Prime-Fragile Alternative has 389 million 
acres of cropland available. 
With the prime lands remaining in crop production, cropland shifts 
from the other classes to satisfy nonagricultural needs and leaves the 
land base nearly unchanged in terms of total available acreage. The 
Fragile Lands Alternative has a smaller land base available, reflecting 
the withdrawal of almost 7 million acres of land in class IVe and classes 
V through VIII. The slight reduction in available land in the areas out­
side the North Central Region reflects the overlap of some producing 
Table 4.7. Cropland available in the United States, the North Central Region (NCR), and the 
area outside the NCR under the Trend and the Land Preservation Alternatives 
Regions and 
soil class 
Trend 
Alternative 
Prime Lands 
Alternative 
FragIle Lands 
Alternative 
Prime-Fragile 
Alternative 
(thousands of acres) 
Total United States 396,589 397,370 384,221 389.415 
North Central Region 
1, II 138,582 142,016 138,655 143,876 
III, IV 75,970 73,538 73,046 70,766 
V-VIM 6,956 6,771 0 0 
Total NCR 221,508 222,325 211,701 214,642 
Percentage of U.S. 55.9 56.0 55.1 55.1 
Outside the NCR 175,081 175,046 172,520 174,773 
Percentage of U.S. 44.1 44.0 44.9 44.9 
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areas in which the land use policies are implemented and the respective 
changes in wet soils development. 
Cropland Utilization 
National and regional effects 
A comparison can be made between the cropland utilization patterns 
of the Trend Alternative and each of the Land Preservation Alternatives. 
Use of available cropland differs little at the national and regional 
level between each of the Land Preservation Alternatives (Table 4.8). 
Nationally, under the Prime Lands Alternative the available cropland used 
decreases by 0.1 percent. This decline reflects the availability of an 
increased acreage of the more productive prime lands. Each acre of prime 
land added substitutes for more than one average acre of land used under 
the Trend Alternative. At the national level the percentage of total 
cropland used increases slightly less than three percent under the 
Fragile Lands Alternative and just over one percent under the Prime-
Fragile Alternative. This occurs as more acres of less productive land 
are brought into crop production to substitute for the fragile lands 
removed from production in the North Central Region. 
Within the Region there are significant differences in the use of 
land between land capability class groups. All available prime land is 
used in each alternative. Use of land in classes 111 and IV ranges from 
80 percent under the Prime-Fragile Alternative to 83.3 percent under the 
Fragile Lands and Trend Alternatives. Under the Trend and Prime Lands 
Table 4,8. Percentage of 
and the area 
cropland used 
outside the NCR 
In the United States, 
under the Trend and 
the North Central 
Land Preservation 
Region (NCR), 
Alternatives 
Region and 
soil class 
Trend 
Alternative 
Prime Lands 
Alternative 
Fragile Lands 
Alternative 
PrIme-FragI le 
Alternatlve 
United States 91.5 91.4 94.1 92.8 
North Central Region 
1, II 100.0 100.0 100.0 100.0 
III, IV 83.3 82.5 83.3 80.0 
V-VIII 10.2 10.5 0 0 
Total NCR 91.4 91.5 94.3 93.4 
Outside the NCR 91.6 91.3 93.7 92.1 
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Alternatives approximately 10 percent of the historically cropped fragile 
land is used for cropland. No fragile land is used for cropland in the 
Region under either the Fragile Lands or Prime-Fragile Alternatives in 
line with the fragile lands conservation policy. 
Within the Region the quantity of total prime lands available (and 
used) under the Prime Lands Alternative is 2.5 percent higher than under 
the Trend Alternative. Use of classes III and IV lands is four percent 
less under the Prime Lands Alternative than under the Trend Alternative. 
Overall, there is a small (0.4 percent) increase in total cropland used 
in the Region under the Prime Lands Alternative. 
Under the Fragile Lands Alternative slightly more prime land is 
available (from wet soil development) than in the Trend Alternative within 
the Region (Table 4.7). This increase is necessary to offset the 3.5 
percent decrease in the use of land in classes ill and IV and the 100 
percent decrease in fragile lands under the Fragile Lands Alternative. 
However, considering cropland in all land classes the Fragile Lands 
Alternative uses 1.4 percent less land than the Trend Alternative. 
There are approximately 5 million acres more prime cropland available 
under the Prime-Fragile Alternative than under the Trend Alternative 
(Table 4.7). This greater availability of prime lands results in an in­
crease of 3.8 percent in the use of prime lands over the Trend Alternative 
levels. The increase in prime land availability under the Prime-Fragile 
Alternative is offset by a reduction of 5.2 million acres in the availa­
bility of classes III and IV lands. Total use of classes III and IV 
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lands decreases to 80 percent of acreage available in this category 
compared to 83.3 percent under the Trend Alternative (Table 4.8). The 
lower utilization rate occurs because an acre of the more productive prime 
lands substitutes for more than an acre of the less productive land in 
classes Ml and IV. 
State and subreqional effects 
At the state level within the Region the impacts of the Land 
Preservation Alternatives are somewhat varied (Table 4.9). All of the 
prime lands are used in each state under each of the alternatives. 
Prime Lands Alternative Under the Prime Lands Alternative states 
projected to have the largest increase in population generally experience 
the greatest impact. Illinois, Indiana, Ohio, and Wisconsin each have 
an increase of over 4.5 percent in the quantity of prime land available 
for crop production. Available prime lands increase by 3.5 and 3.0 
percent in Michigan and Missouri, respectively. Each of the other states 
have smaller increases in prime land available under this alternative. 
With more prime land available and with 100 percent of it used in each 
state, less land in the other classes is needed than under the Trend 
Alternative. Except North Dakota and South Dakota, the amount of land 
available in classes III and IV decreases in each of the Region's states. 
The decrease occurs because more of the projected urban and other non-
agricultural needs are withdrawn from land in classes III and IV and 
because less wet soils development is necessary under the Prime Lands 
Alternative than under the Trend Alternative. Under the Prime Lands 
Alternative, all of the states except Indiana, Minnesota, North Dakota 
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Table 4.9. Percentage of cropland used by land classes in the states 
of the North Central Region under the Trend and Land 
Preservation Alternatives 
State and 
land class 
Trend 
/\1 ternative 
Prime Lands 
1 ternative 
Fragile Lands 
Alternative 
Prime-Fragile 
Alternative 
111inois 
1, II 
111, IV 
V-VIII 
Total 
100.0 
97.9 
1.2  
97.8 
100.0 
97.9 
1,3 
98.0 
100.0 
99.2 
0 
99.8 
100.0 
97.9 
0 
99.6 
Indiana 
I. II 
III, IV 
V-VIII 
Total 
100.0 
93.6 
Ô.9 
97.0 
100.0 
94.8 
2.4 
97.6 
100.0 
93.7 
0 
98.7 
100.0 
94,5 
0 
99.0 
Iowa 
I, II 
Ml, IV 
V-VII I 
Total 
100.0 
88.7 
0.7 
92.8 
100.0 
87.9 
0.7 
92.8 
100.0 
87.5 
0 
95.5 
100.0 
85.9 
0 
95.1 
Kansas 
I, II 
III, IV 
V-VIII 
Total 
100.0 
86.7 
47.7 
92.5 
100.0 
86.7 
48.0 
92.6 
100.0 
82.8 
0 
92.7 
100.0 
82.1 
0 
92,7 
Michigan 
I. II 
i i i, i V 
V-VIII 
Total 
100.0 
88.9 
10.5 
93.3 
100.0 
88.1 
11,0 
93.4 
100.0 
88.0 
0 
95,6 
100.0 
85.6 
0 
95.0 
Minnesota 
I, II 
III, IV 
V-VIII 
Total 
100.0 
78.5 
3.4 
91,7 
100.0 
79.4 
3.5 
92.2 
100.0 
80.7 
0 
94.1 
100.0 
80.6 
0 
94.2 
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Table h.S, (continued) 
State and Trend Prime Lands Fragile Lands Prime-Fragile 
land class Alternative Alternative Alternative Alternative 
Missouri 
I, Il 100.0 100.0 100.0 100.0 
IV 85.4 78.7 71.4 63.4 
V-VIII 1.0 1.0 0 0 
Total 85.7 81.8 8 .3 76.4 
Nebraska 
I, Il 100.0 100.0 100.0 100.0 
III, IV 58.4 56.7 70.3 55.5 
V-VIII 17.8 17.7 0 0 
Total 79.9 79.5 88.4 83.5 
North Dakota 
I, Il 100.0 100.0 100.0 100.0 
IV 81.8 85.2 90.0 88.9 
V-VIII 4.3 4.4 0 0 
Total 91.8 92.7 97.3 97.0 
Ohio 
I, Il 100.0 100.0 100.0 100.0 
III, IV 99.2 98.7 99.2 99.3 
V-VIII 2.2 2.4 0 0 
Total 98.2 98.2 99.8 99.8 
South Dakota 
I, Il 100.0 100.0 100.0 100.0 
III, IV 71.8 74.6 79.7 76.4 
V-VIII 4.3 4.6 0 0 
Total 87.9 89.0 93.5 92.6 
Wisconsin 
I, Il 100.0 100.0 100.0 100.0 
III, IV 86.5 85.9 86.0 85.5 
V-VIII 2.3 2.2 0 0 
Total 89.0 89.3 94.3 94.4 
119 
and South Dakota decrease slightly in the proportion of the available 
classes III and IV lands used. On the other hand, Indiana and Minnesota 
each have approximately a 1.0 percent increase in the amount used while 
North Dakota and South Dakota have increases in classes III and I.V lands 
used of 3.4 percent and 2.8 percent, respectively. 
The impact of the Prime Lands Alternative on the use of fragile 
lands is small. Under the Trend Alternative very little of this land is 
used in any of the states. Kansas and Nebraska, where class IVe (fragile) 
land is planted to wheat, and Michigan are the only exceptions. Under 
the Prime Lands Alternative use of the fragile lands follows essentially 
the same patterns. Kansas uses more of its fragile lands than any other 
state in the Region, with slightly under 50 percent of available fragile 
lands actually used. 
Fragile Lands Alternative Under the Fragile Lands Alternative 
the pattern of cropland utilization varies more widely than under the 
Trend or Prime Lands Alternatives. Again, all prime land available in 
each state is used under the Fragile Lands Alternative. The percentage of 
classes III and IV lands used increases by more than five percent in 
Nebraska, North Dakota, and South Dakota. The land in classes III and IV 
in these states absorbs much of the impact of removing fragile lands from 
crop production. In addition there is some increase in prime cropland 
available from wet soil development. Conversion of this wet soil helps to 
offset the reduction in fragile land availability. 
Prime-Fragile Alternative Land utilization under the Prime-
Fragile Alternative reflects an intermediate position between the Prime 
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Lands and Fragile Lands Alternatives. More prime lands are available in 
the urbanized states under the Prime-Fragile Alternative than under the 
Fragile Lands Alternative because of the retention of the prime lands. 
The availability of more prime land is partially offset by the impact of 
removing fragile lands from crop production. As a result, several of 
the states show a reduction in the quantity of classes III and IV lands 
used while in others, mainly North and South Dakota, a greater proportion 
is used under the Prime-Fragile Alternative than under the Trend 
Alternative. 
Each of the Land Preservation Alternatives cause a variety of shifts 
in the use of cropland among the states in the North Central Region. In 
addition there is some spillover of these effects into areas outside the 
Region (Table 4.10). These shifts occur because the overall configuration 
of the land base is different under each alternative. The relative 
productivity of land in each area is changed by the adjustments in the 
availability of either the prime or fragile lands in the North Central 
Region. For example, as more prime land is made available in Illinois 
under the Prime Lands Alternative, crop production shifts so that this 
better quality land is used. This shift may move corn production from 
classes III and IV lands in Illinois or soybeans from classes I and 11 
lands in Kansas to the additional prime lands now available in Illinois. 
The choice depends on the comparative advantage of all lands in and out 
of the Region in producing each crop after the land base is adjusted 
for the policy being considered. 
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Table 4.10. Percentage of cropland used in the zones of the area out­
side the North Central Region under the Trend and Land 
Preservation Alternatives 
Zone 
Trend 
A1ternative 
Prime Lands 
A1 ternative 
Fragile Lands 
A1ternative 
Prime-Fragile 
Alternative 
Zone 1 97.4 97.4 97.4 92.1 
Zone 2 95.9 95.9 96.5 97.4 
Zone 3 73.3 71.5 90.9 96.4 
Zone 4 90.0 90.1 90.3 75.5 
Zone 5 85.6 85.4 90.3 89.0 
Zone 6 100.0 100.0 100.0 100.0 
Zone 7 87.1 84.9 91.3 84.3 
Cropland Used for the Major Crops 
National and regional effects 
The optimal acreage for each of the major crops changes only slightly 
between each of the Land Preservation Alternatives and the Trend Alterna­
tive at the national level. In general, the differences in crop acreages 
noted at the national level reflect regional shifts in the location of 
production. Also, shifts between land capability classes within the 
producing areas cause changes in yields and a subsequent change in acres 
required to meet the fixed production levels specified in the demand 
sector. 
Prime Lands Alternative Under the Prime Lands Alternative the 
acreage required to produce the 7 billion bushels of corn grain demanded 
by the year 2000 is slightly less than under the Trend Alternative 
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(Table 4.11). With more of the higher yielding prime lands available, 
the more profitable crops shift to these lands. This shift continues 
up to the limit of the land availability or until the demand for the 
particular crop is attained. Corn, soybeans, wheat, and barley all 
require less acreage under the Prime Lands Alternative than under the 
Trend Alternative. Oats and sorghum grain require slightly more land 
because oats and sorghum are shifted to lower yielding land in response 
to the redistribution of nonagricultural land withdrawals. The relative 
profitability of sorghum grain and oats compared to that of the other 
major crops is generally too low to permit their production to shift to 
the additional prime lands. Since the nonagricultural land withdrawals 
claim a larger proportion of the land in classes Ml and IV, the 
production of sorghum grain and oats shifts to less productive lands 
within and outside the Region. 
The total acreage used for corn grain production within the North 
Central Region decreases under the Prime Lands Alternative because the 
larger acreage of prime land available allows corn to be produced on 
higher yielding land. The other crops except sorghum grain and soybeans 
use more land as production increases in the Region. In areas outside 
the Region, less acreage is devoted to each of the major crops except 
sorghum grain. Sorghum grain acreage shifts out of the Region somewhat 
because of its relative disadvantage in production on the better quality 
lands. 
Fragile Lands Alternative At the national level the Fragile Lands 
Alternative allocates less land for oats and wheat production than is 
Table 4.11. Cropland used for selected crops in the United States, the North Central Region 
(NCR), and the area outside of the NCR under the Trend and Land Preservation 
AIternatIves 
Region and 
a Iternat ive Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(mill ions of acres) 
United States 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
12.9 
12.7 
13.1 
12.8 
56.5 
56.4 
56.6  
56.5 
11.8 
11.8 
11.6 
11.5 
21.4 
21.6 
21.4 
21.4 
46.8 
46.7 
46.0 
46.6 
8 7 . 2  
86.9 
8 7 . 2  
86.9 
North Central Region 
Trend 4.4 
Prime Lands 4.9 
Fragile Lands 4.8 
Prime-Fragile 4,8 
47.4 
47.3 
47.3 
47.3 
9.1 
9.2 
9.2 
9.2 
5.8 
5.7 
5.6 
5.7 
22.4 
22.8 
21.6 
22.1 
51.6 
51.6 
51.2 
51 .0  
Outside the NCR 
Trend 
Prime Lands 
Fragile Lands 
Prîme-Fragîle 
8.5 
7.8 
8.3 
8.0 
9.2 
9.1 
9.3 
9.2 
2 . 6  
2 . 6  
2.4 
2.4 
15.6 
15.9 
15.8 
15.8 
24.3 
23.9 
24.4 
24.5 
35.6 
35.3 
35.9 
35.9 
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allocated under the Trend Alternative. All other crops require more 
land. Within the Region, barley and oat acreage increases while the 
acreage for all other crops decreases. Outside the Region the shifts 
in cropland use patterns are the opposite of those within the Region. 
Prime-Fragile Alternative Under the Prime-Fragile Alternative 
the acres allocated to most of the crops, except oats and sorghum grain, 
are intermediate to the levels allocated In the Prime Lands and Fragile 
Lands Alternatives. Oats shift to more productive land in the Region 
and thus require less acreage than for either the Prime Lands or Fragile 
Lands Alternatives. Sorghum grain requires approximately the same 
acreage as under the Fragile Lands Alternative. 
State and subreqional effects 
The effects on land utilization of each of the major crops under 
the Land Preservation Alternatives also are expressed at the state level. 
The effect of retaining prime cropland or conserving fragile land on the 
quantity and location of land used by the major crops is influenced by 
the relative yields, production, and transportation costs of all major 
crops considered together. The yields and production costs for each of 
the endogenous crops differ from one producing area to another, depending 
upon soil and climatic differences. As the prime lands are retained in 
agricultural use in each state, the crops shift to these lands based on 
the relative profitability of each crop. The crop with the greatest 
advantage shifts first and others follow until the additional prime lands 
are all used in each producing area. The remaining cropland acreage is 
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used by the various crops in the order of the land's relative produc­
tivity. 
The location and production of forage crops (silage, hay, and pas­
ture) are influenced by the location of livestock production. The loca­
tion of livestock production is not allowed to shift among regions in the 
programming model. Therefore, the location of forage production is less 
flexible than that of other crops with production shifts occurring only 
in the market region. The main flexibility in location of forage 
production is between land classes within regions or among producing 
areas within the market region. Therefore, when forage production is 
combined with other crops in rotations selected by the model it can force 
the production of these crops to remain in a given region. Alternatively, 
if rotations are selected for forage alone the model can conceivable 
force the production of more profitable crops to shift to, or remain in, 
other locations. These effects generally are small but conceivably could 
cause some minor distortion of results at the state level. 
Prime Lands Alternative The Prime Lands Alternative has its 
greatest impact in those states that have the largest acreage of prime 
lands retained in agricultural use (Table 4.5). Large amounts of prime 
land are preserved for agricultural uses in each of the states in the 
Region. However, under the Trend Alternative Illinois, Indiana, and Ohio 
account for 48 percent of the total projected withdrawals from prime 
lands in the Region. The projected withdrawals from prime lands in each 
of these states are 4.5 percent of prime cropland acreage in Illinois, 
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5.0 percent in Indiana , and 5.8 percent in Ohio under the Trend 
Alternative. 
In Illinois the acreage of each of the six major crops increases 
from the Trend Alternative levels (Table 4.12). Soybean and corn acreage 
increase by approximately 222,000 and 130,000 acres, respectively. In 
all other states in the Region increases are noted in the acreage of at 
least one of the major crops under the Prime Lands Alternative. 
Under the Prime Lands Alternative, as compared to the Trend Alterna­
tive, barley acreage decreases by approximately 619,000 acres, wheat 
acreage by 436,000 acres, and soybean acreage by 300,000 acres in the 
area outside the Region (Table 4.11). Sorghum grain acreage increases 
by 361,000 acres in these areas. Changes in acreage by individual zone 
are quite varied (Table 4.13). Zone 4 gains all of the increased sorghum 
grain acreage in the area outside the Region but at the same time loses 
approximately 600,000 acres of wheat. The largest decrease in barley 
acreage occurs in Zone 5 with a decrease of nearly 450,000 acres from 
the Trend Alternative levels. 
Many shifts in the location of production of the major crops occur 
under the Prime Lands Alternative. Nationally, all of the crops except 
sorghum grain shift to more productive land. As a result, these crops 
require less cropland to produce the required commodity demands than 
are required under the Trend Alternative. 
Fragile Lands Alternative Significant acreages of fragile lands 
are available for use in each state under the Trend Alternative 
Table 4.12. Cropland used for selected crops in the states of the North Central Region 
under the Trend and Land Preservation Alternatives 
State and 
alternative [Jar ley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Illinois 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Indiana 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Iowa 
Trend 
Prime Lands 
Fragile Lands 
PrIme-Fragile 
Kansas 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
122 
134 
29 
137 
103 
110 
3 
96 
26 
35 
34 
24 
153 
153 
149 
153 
(thousands of acres) 
10,220 
10,350 
10,244 
10,353 
5,939 
5,926 
5,907 
5,932 
9,089 
9,029 
9,007 
8,962 
499 
554 
475 
537 
129 
144 
162 
162 
44 
49 
45 
45 
544 
516 
550 
546 
1,566 
1,566 
1,451 
1,472 
14 
15 
12 
13 
1,337 
1,339 
1,315 
1,322 
1,677 
1,600 
1,615 
1,607 
504 
548 
597 
602 
512 
545 
611 
557 
1,010 
1,017 
983 
1,022 
5,472 
5,516 
4,577 
5,105 
11,328 
11,550 
11,273 
11,411 
5,592 
5,704 
5,650 
5,735 
11,286 
11,385 
11,296 
11,340 
2,167 
2,357 
2,045 
2,198 
Table 4.12. (continued) 
State and Corn 
alternative Barley grain 
Michigan 
Trend 326 2,969 
Prime Lands 338 2,971 
Fragile Lands 326 2,936 
Prime-Fragile 338 2,925 
Minnesota 
Trend 688 5,763 
Prime Lands 552 5,907 
Fragile Lands 844 5,959 
Prime-Fragile 575 5,905 
Missouri 
Trend 85 1,302 
Prime Lands 89 1,291 
Fragile Lands 71 1,364 
Prime-Fragile 141 1,278 
Nebraska 
Trend 22 1,732 
Prime Lands 29 1,611 
Fragile Lands 29 1,734 
Prime-Fragile 20 1,635 
Sorghum 
Oats grain Wheat Soybeans 
(thousands of acres) 
285 
272 
309 
272 
0 
0 
0 
0 
723 
730 
722 
681 
1,307 
1,325 
1,331 
1,355 
1,053 
1,160 
1.233 
1,266 
40 
40 
41 
46 
2,257 
2,416 
2,307 
2,501 
4,640 
4,446 
4,970 
4,562 
rs> 
00 
44 
34 
12 
7 
263 
263 
263 
263 
1,768 
1,647 
1,416 
1,298 
6,332 
6,012 
5,740 
5,337 
314 
353 
485 
435 
2,232 
2,208 
2,154 
2,192 
2,302 
2,296 
1,805 
2,046 
1,558 
1,504 
1,355 
1,487 
Table 4.12. (continued) 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
North Dakota 
Trend 
Prime Lands 
Fragile Lands 
PrIme-FragIle 
Ohio 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
South Dakota 
Trend 
Prime Lands 
Fragile Lands 
PrIme-FragIle 
Wisconsin 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
1,255 
1,587 
1,324 
1.428 
0 
0 
0 
0 
1,660 
1,883 
1,987 
1,923 
4 
4 
4 
4 
(thousands of acres) 
719 
702 
700 
708 
4,549 
4,359 
4,508 
4,540 
1,224 
1,140 
1,169 
1,234 
3,358 
3,284 
3,292 
3,277 
3,017 
2,907 
2,758 
2,818 
3 
0 
3 
0 
1,330 
1,395 
1,418 
1,394 
808 
786 
748 
741 
23 
23 
27 
28 
0 
0 
0 
0 
214 
214 
168 
190 
10 
10 
5 
5 
5,745 
5,895 
6,557 
6,250 
749 
703 
736 
719 
1,194 
1,191 
1,100 
1,017 
176 
254 
181 
260 
1,001 
978 
1,024 
980 
5,033 
5,058 
5,212 
5,203 
1,055 
1,044 
1,084 
1,145 
269 
281 
269 
291 
Table 4.13. Cropland used for selected crops In the zones of the area outside the North 
Central Region under the Trend and Land Preservation Alternatives 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Zone 1 
Trend 753 
Prime Lands 740 
Fragile Lands 772 
Prime-Fragile 743 
Zone 2 
Trend 25 
Prime Lands 25 
Fragile Lands 25 
Prime-Fragile 25 
Zone 3 
Trend 1,055 
Prime Lands 976 
Fragile Lands 1,682 
Prime-Fragile 993 
Zone 4 
Trend 921 
Prime Lands 932 
Fragile Lands 659 
Prime-Fragile 756 
(thousands of acres) 
4,276 
4,274 
4,276 
4,276 
1,820 
1,828 
1,820 
1,828 
741 
721 
764 
758 
690 
658 
690 
704 
214 
214 
214 
214 
289 
294 
289 
294 
260 
263 
260 
263 
1,367 
1,341 
1,207 
1,163 
0 
0 
0 
0 
57 
57 
57 
57 
0 
0 
0 
0 
15,266 
15,627 
15,517 
15,457 
755 
1,189 
735 
764 
2,052 
1,948 
2,097 
1,964 
474 
465 
1,051 
508 
10,997 
10,394 
10,383 
11,443 
2,836 
2,389 
2,836 
2,836 
28,685 
28,596 
28,772 
28,689 
1,513 
1.544 
1,576 
1,568 
2,560 
2,762 
2,743 
2.775 
Table 4.13. (continued) 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(thousands of acres) 
Zone 5 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Zone 6 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Zone 7 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
4,031 
3,582 
3,502 
3,561 
518 
518 
518 
786 
1,147 
1,057 
1,115 
1,064 
234 
197 
298 
211 
359 
359 
359 
359 
1,063 
1,063 
1,063 
1,063 
341 
336 
301 
316 
92 
92 
92 
92 
51 
51 
51 
51 
71 
71 
78 
74 
0 
0 
0 
0 
179 
179 
179 
179 
2,741 
2,741 
2,493 
2,512 
5,541 
5,540 
5,540 
5,655 
1,778 
1,625 
2,117 
1.653 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
132 
(Table 4.6). In most states, however, only a very small proportion of 
these lands are actually used (Table 4.9). Under the Fragile Lands 
Alternative, the prohibition in use of fragile lands for crop production 
has the greatest impact in Kansas, Michigan, Nebraska, and North Dakota. 
Kansas, Nebraska, and North Dakota experience a large impact because of 
the concentration of IVe lands in these states. Of the 865,000 acres of 
fragile lands available in Kansas, approximately 412,000 acres are used 
under the Trend Alternative. In Nebraska about l8 percent of the 
available fragile lands is used for crop production. Thirty-one thousand 
acres of fragile lands in Michigan and nearly 40,000 acres in North Dakota 
are used under the Trend Alternative for oats, hay, and the exogenous 
crops. 
Under the Fragile Lands Alternative the acreage devoted to all of 
the six major crops decreases in the Region. Corn grain acreage in 
Michigan decreases by about 33,000 acres but the acres devoted to other 
crops remain the same or increase slightly from the Trend Alternative. In 
Nebraska the total acres of sorghum grain, wheat, and soybeans decrease 
while oat acreage increases by nearly 40,000 acres. In North Dakota 
the total acreage of corn grain and oats decreases while barley and wheat 
acreage increases. For the most part in each of these states hay produc­
tion and the production of the various exogenous crops occupying classes 
V through VIII lands shifts to land in classes I through IV within the 
same state. In turn, the acreage distribution of other crops responds 
according to the relative advantage of each of these crops on land in 
classes I through IV. This impact is expressed in all states of the 
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Region and in all zones outside the Region. 
Prime-Fragile Alternative The impact on cropland use distribution 
is more difficult to trace under the Prime-Fragile Alternative than under 
either the Prime Lands or Fragile Lands Alternatives. The acreage of 
each of the major crops increases in Illinois while other states and zones 
have increases in the acreage of some crops and decreases in others. The 
shifts are expressions of likely changes in the relative productivity 
of each crop resulting from the imposition of the Prime Lands and Fragile 
Lands policies. 
Production of Selected Crops 
National and regional effects 
The optimal distribution of crop production under the Land Preserva­
tion Alternatives does not change greatly from the Trend Alternative dis­
tribution at the national and regional levels. The North Central Region 
has approximately 86 percent and 63 percent respectively of the national 
corn and soybean production in 2000. Changes in the distribution of crop 
production follows the distribution of crop acreages. The slight 
differences noted occur because of shifts between land classes and 
rotations with the states and regions and the resulting affect on crop 
yields (Table 4.14). 
Under the Prime Lands Alternative the production of corn grain, 
soybeans, and wheat tends to concentrate more heavily in the North Central 
Region. A 12 percent increase in barley production occurs in the Region 
and sorghum grain tends to shift out of the Region. Thus, as more prime 
Table 4.l4. Production of selected crops în the United States, North Central Region (NCR) 
and areas outside the NCR under the Trend and Land Preservation Alternatives 
Region and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
United States 
Trend 684 
Prime Lands 684 
Fragile Lands 684 
Prime-Fragile 684 
North Central Region 
Trend 213 
Prime Lands 239 
Fragile Lands 216 
Prime-Fragile 231 
Outside the NCR 
Trend 471 
Prime Lands 445 
Fragile Lands 469 
Prime-Fragile 454 
(millions of bushels) 
6,989 787 1,126 
6,989 787 1,126 
6,989 787 1,126 
6,989 787 1,126 
5,997 648 310 
6,006 648 305 
5,987 656 307 
5,997 656 307 
992 139 816 
983 139 821 
1,003 131 820 
992 131 819 
1,704 
1,704 
1,704 
1,704 
815 
834 
798 
819 
889 
870 
906 
885 
3,485 
3,485 
3,485 
3,485 
2,202 
2,216 
2,190 
2,193 
1,283 
1,269 
1,295 
1,292 
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land is made available in the Region, production of the most profitable 
crops continues to concentrate on these better quality lands. Conser 
quently, more of the less productive land is available in areas outside 
the Region for the production of crops that are less profitable. 
Production of corn grain, soybeans, and wheat tend to shift out of 
the Region while oats and barley production shift into the Region under 
the Fragile Lands Alternative. The forage crops produced on fragile 
lands under the Trend Alternative shift between land classes and produc­
ing areas within the same market region but are not allowed to shift out 
of the market region. This restraint forces the production of the forage 
crops to stay in the Region whereas it may otherwise have shifted out. 
The restraint also causes corn grain and soybean production to shift out 
of the Region under the Fragile Lands Alternative. 
The crop acreage and production distribution of the Prime-Fragile 
Alternative generally follows the pattern of the Fragile Lands Alterna­
tive. The shifts in production patterns are less pronounced than under 
either the Prime Lands or Fragile Lands Alternatives. Hence, the two 
policies have a counterbalancing effect when they are combined. 
State and subreqional effects 
At the state and zone level the impact of the Land Preservation 
Alternatives is more dramatic (Tables 4.1$ and 4.16). In each state the 
maximum fluctuation in acreage and production of corn grain and soybeans 
ranges between approximately 15 percent above and 15 percent below the 
Trend Alternative levels. However, the majority of the states in the 
Table 4.15. Production of selected crops in tlie states of tlie North Central Region under the 
Trend and Land Preservation Alternatives 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Illinois 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Indiana 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Iowa 
Trend 
Prime Lands 
Frngile Lands 
Prime-Fragile 
Kansas 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
10 
10 
2 
10 
9 
9 
0 
8 
1 
2 
2 
1 
8 
8 
7 
8 
1.378 
1.399 
1.379 
1.400 
783 
783 
779 
785 
1,191 
1,185 
1,181 
1,178 
49 
56 
42 
57 
(millions of bushels)" 
10 
11 
14 
14 
3 
4 
3 
3 
49 
45 
49 
49 
72 
72 
69 
70 
0 
0 
0 
0 
68 
68 
67 
67 
87 
81 
84 
83 
24 
27 
29 
29 
24 
26 
30 
27 
38 
38 
37 
38 
188 
188 
163 
181 
516 
528 
513 
521 
255 
261 
257 
262 
498 
504 
500 
502 
91 
96 
83 
90 
"0" indicates that the production rounds to less than 5000,000 bushels. 
Table 4.15. (continued) 
State and 
alternative Barley 
Michigan 
Trend 24 
Prime Lands 25 
Fragile Lands 24 
Prime-Fragile 25 
Minnesota 
Trend 32 
Prime Lands 27 
Fragile Lands 38 
Prime-Fragile 28 
Mi ssouri 
Trend 5 
Prime Lands 5 
Fragile Lands 4 
Prime-Fragile 9 
Nebraska 
Trend 1 
Prime Lands 1 
Fragile Lands 2 
Prime-Fragile 1 
Oats 
Sorghum 
grain Wheat Soybeans 
ons of bushels)^ 
24 
22 
26 
22 
0 
0 
0 
0 
36 
37 
36 
35 
60 
61 
61 
62 
86 
95 
102 
105 
2 
2 
3 
3 
77 
86 
77 
88 
179 
173 
190 
176 
4 
3 
1 
1 
12 
12 
12 
12 
73 
69 
61 
56 
245 
236 
225 
212 
17 
19 
26 
23 
128 
128 
127 
129 
73 
73 
60 
65 
66 
64 
58 
64 
Table 4.15. (continued) 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
North Dakota 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Ohio 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragi le 
South Dakota 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Wisconsin 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
55 
73 
56 
6k 
0 
0 
0 
0 
68 
78 
81 
76 
0 
0 
0 
0 
64 
63 
62 
63 
580 
583 
580 
583 
108 
102 
101 
104 
451 
443 
442 
442 
(millions of bushels)' 
216 
208 
197 
201 
0 
0 
0 
0 
85 
89 
90 
90 
83 
81 
77 
77 
1 
1 
2 
2 
0 
0 
0 
0 
11 
11 
11 
11 
1 
1 
0 
0 
198 
204 
225 
217 
37 
34 
36 
35 
37 
37 
35 
32 
9 
14 
9 
14 
40 
39 
41 
39 
206 
208 
214 
213 
35 
35 
36 
38 
12 
13 
12 
13 
Table 4.16. Production of selected crops in tlie zones of tlie area outside tlie North Central 
Region under the Trend and Land Preservation Alternatives 
Zone and 
Alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Zone 1 
Trend 
Prime Lands 
Fragile Lands 
Prime-Pragile 
Zone 2 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Zone 3 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Zone 4 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
54 
53 
55 
53 
82 
77 
110 
78 
37 
38 
26 
30 
481 
481 
481 
481 
146 
147 
146 
147 
84 
83 
89 
87 
84 
80 
84 
86 
(millions of bushels) 
16 
16 
16 
16 
19 
20 
19 
20 
18 
18 
18 
18 
61 
60 
56 
54 
0 
0 
0 
0 
4 
4 
4 
4 
0 
0 
0 
0 
796 
802 
799 
799 
35 
53 
34 
35 
97 
92 
99 
92 
25 
24 
57 
26 
340 
321 
320 
353 
109 
91 
109 
109 
1,010 
1,007 
1,013 
1,010 
72 
74 
76 
75 
92 
97 
97 
98 
Table 4.16. (continued) 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Zone 5 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Zone 6 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
Trend 7 
Trend 
Prime Lands 
Fragile Lands 
Prime-Fragile 
202 
182 
182 
185 
27 
27 
28 
39 
67 
67 
66 
66 
27 
22 
34 
22 
48 
48 
48 
48 
122 
122 
122 
122 
(millions of bushels) 
18 
18 
15 
16 
5 
5 
5 
5 
3 
3 
3 
3 
3 
3 
3 
3 
0 
0 
0 
0 
13 
13 
13 
13 
87 
87 
78 
79 
211 
211 
212 
215 
94 
83 
106 
85 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Region have variations of less than five percent above or below the 
Trend Alternative production levels for corn, soybeans, and wheat under 
each of the Land Preservation Alternatives. The acreage and production 
of the small feed grains diverge somewhat more from the Trend Alternative 
levels than does corn, soybeans, and wheat. 
Resource Returns Under the Land 
Preservation Alternatives 
In Chapter III the relationship between shadow prices and resource 
returns was discussed. Under the Land Preservation Alternatives these 
concepts are very important in analyzing the impact of each alternative. 
The shadow prices on resources forthcoming from the linear programming 
model represent the expected economic rent or returns to the resources 
from using them as prescribed in the optimal solution. In this section 
emphasis will be placed on the relative change and the direction of change 
in resource returns from the Trend Alternative. The impacts on per acre 
returns and aggregate net returns to land are reviewed first followed by a 
brief analysis of the impacts of each alternative on labor returns. 
Per acre returns to land 
The impact of the Land Preservation Alternatives on net return to 
land per acre (shadow price) for different land classes and farming 
practices is shown in Table 4.17. In most of the North Central Region 
states, returns to land in classes III through VIII are affected 
relatively more than returns to prime crop land. With only a few excep­
tions, the per acre return to land in classes III through VIII decreases 
more from the Trend Alternative levels than do returns to prime land 
Table 4.17. Net returns per acre by land class for dry and irrigated cropland for the 12 
major crops® and summer fallow under the Land Preservation Alternatives as a 
percentage of the Trend Alternative in the United States, the North Central 
Region (NCR), and the area outside the NCR 
Prime Lands Fragile Lands Prime-Fragile 
Region and Alternative alternative Alternative 
land class Dryland Irrigated Dryland Irrigated Dryland Irrigated 
(Trend Alternative = 100 percent) 
United States 89.5 91.0 110.0 115.8 91.7 89.8 
North Central Region • 
1, II 90.0 95.0 107.6 113.6 90.1 89.1 
III, IV 86.2 98.2 116.1 101.8 92,8 87.1 
V-VMI 76.4 66.3 0 0 0 0 
Total NCR 90.1 95.3 109.9 112.1 92.5 88.9 
Outside the NCR 87.5 88.0 111.4 117.5 90.3 89.8 
®ln this and all subsequent tables of this chapter, the 12 major crops are barley, corn 
grain, corn silage, cotton, legume hay, nonlegume hay, oats, sorghum grain, sorghum silage, 
soybeans, sugar beets, and wheat. 
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under the Prime Lands Alternative. Under the Fragile Lands Alternative 
the per acre return to classes 111 and IV dryland increases proportionally 
more from the Trend Alternative levels than returns to prime dryland. 
However, the net return to irrigated prime cropland increases from the 
Trend Alternative level by nearly 14 percent. This is compared to an 
increase of only 1.8 percent for the net per acre returns to classes ill 
and IV irrigated cropland In the Region. Thus, the impacts of the Fragile 
Lands Alternative on Irrigated and dry cropland are quite different. 
These differences in the percentage increase in returns to land indicate 
that classes III and IV dryland and irrigated land in the prime category 
are affected relatively more at the margin by the Fragile Lands policy 
than are lands In the other classes. 
The Prime Lands Alternative affects approximately a 10 percent reduc­
tion in per acre returns to dryland and irrigated cropland at the national 
level. However, the Fragile Lands Alternative affects a greater Increase 
In returns to Irrigated than to dry cropland. Returns to dryland and 
irrigated cropland under the Fragile Lands Alternative are 10 percent 
and 15.8 percent greater than under the Trend Alternative. The Prime-
Fragile Alternative causes per acre returns to land to decrease by about 
10 percent below the Trend Alternative levels for both dryland and 
Irrigated cropland. 
The Impacts of the Prime Lands Alternative on per acre returns in 
the North Central Region are greater for dryland in all land class 
categories except fragile lands. In areas outside the North Central 
144 
Region per acre returns to dryland and irrigated cropland decrease by 
approximately 12 percent. 
No definite pattern of per acre returns emerges between land classes 
common to both dryland and irrigated land under the Fragile Lands Alterna­
tive. Tables 4.18 and 4.19 shows the relative impact of each of the Land 
Preservation Alternatives on per acre returns for dry and irrigated 
cropland for each of the states in the Region and zones outside the 
Region. In many of the states and zones there are substantial differences 
in per acre returns to land under the Land Preservation Alternatives when 
compared to the Trend Alternative levels. Those states or zones where the 
largest proportional changes occur frequently represent relatively small 
acreages and may not reflect the total impact of each alternative on land 
returns. 
Aggregate net returns to land 
Aggregating the per acre net returns to land over all land used in 
producing the 12 endogenous crops gives the aggregate impact of the 
alternative policies on land rent. Each of the Land Preservation 
Alternatives have a significant impact on the aggregate net returns to 
land. 
National and regional effects The aggregate returns to cropland 
used at the national and regional levels under each of the Land Preserva­
tion Alternatives are shown in Table 4.20. 
Prime Lands Alternative At the national level the Prime 
Lands Alternative has an aggregate return to land used in the production 
Table 4.18. Net returns per acre by land class for dry and irrigated cropland for the 12 
major crops and summer fallow under the Land Preservation Alternatives as a 
percentage of the Trend Alternative in the states of the North Central Region 
Region and 
land class 
Prime Lands 
AI ternative 
Dryland Irrigated 
Fragile Lands 
Alternative 
Dryland Irrigated 
Prime-Fragi le 
Al ternative 
Dryland Irrigated 
(Trend Alternative = 100 percent) 
111inois 
I, II 
III, IV 
V-V111 
Total 
90.2 
91.2 
0 
90.9 
104.8 
105.1 
0 
104.8 
89.0 
91.8 
0 
89.9 
Indiana 
I. II 
III, IV 
V-VIII 
Total 
90.5 
87.4 
0 
91.3 
104.9 
106,8 
0 
105.3 
90.2 
86.6 
0 
91.1 
Iowa 
I, II 
III, IV 
V-VI11 
Total 
Kansas 
I, II 
III, IV 
V-VIII 
Total 
90.8 
87.4 
0 
90.6 
89.3 
81.0 
77.5 
87.4 
96.6 
94.7 
0 
96.6 
91.8 
83.8 
77.2 
91.6 
104.6 
107.6 
0 
105.5 
125.8 
148.1 
0 
137.0 
101.4 
102.1 
0 
101.5 
124.7 
160.8 
0 
127.7 
88.7 
86.6 
0 
89.1 
95.3 
96.5 
0 
101.6 
94.1 
90.8 
0 
93.7 
94.4 
99.0 
0 
95.9 
a 
Irrigation is not defined in this state. 
Table 4.18. (continued) 
Region and 
land class 
Prime Lands 
Alternative 
Dryland Irrigated 
Fragile Lands 
Alternative 
Dryland Irrigated 
PrIme-FragI le 
A1ternatIve 
Dryland Irrigated 
(Trend Alternative = 100 percent) 
Michigan 
I. II 
IV 
V-VI11 
Total 
89.2 
80.1 
0 
89.4 
101.8 
100.3 
0 
102.0 
91.1 
82.0  
0 
92.1 
Minnesota 
I. II 
ill, IV 
V-VI11 
Total 
82.8 
73.1 
0 
81.6 
101.9 
101.0 
0 
101.4 
84.0 
74.5 
0 
82.8 
Mlssourl 
I, II 
IV 
V-
Total 
Nebraska 
I, II 
IV 
V-VI11 
Total 
92.7 
89.3 
0 
94.2 
88.0 
69.0 
74.7 
86.2  
96.3 
81.5 
0 
93.7 
95.0 
89.5 
70.7 
95.0 
101.0 
121.2  
0 
112.7 
119.9 
130.5 
0 
119.4 
101.9 
87 .6  
0 
98.5 
108.6 
98.7 
0 
104.7 
92.1 
1 1 1 . 1  
0 
106.1 
95.0 
76.7 
0 
99.6 
95.1 
84.5 
0 
93.3 
84.0 
74.9 
0 
82 .2  
Table 4.18. (continued) 
State and 
land class 
Prime Lands 
Alternative 
Dryland Irrigated 
Fragile Lands 
AIternative 
Dryland Irrigated 
Prime-Fragile 
Alternative 
Dryland Irrigated 
(Trend Alternative = 100 percent) 
North Dakota 
1. II 
III, IV 
V-VIII 
Total 
89.1 
109.1 
0 
92.6 
103.0 
107.5 
0 
103.6 
113.8 
139.5 
0 
118.1 
108.1 
128.7 
0 
111.1 
91.0 
115.4 
0 
95.2 
101.7 
120.6 
0 
103.9 
Ohio 
I, II 
III, IV 
V-VIII 
Total 
91.6 
85.2  
0 
92.7 
105.1 
108.9 
0 
106.0 
94.8 
91.2 
0 
96.6 
South Dakota 
I. II 
III, IV 
V-VIII 
Total 
97.2 
113.0 
0 
100.3 
105.8 
108.1 
0 
106.8 
122.8 
143.9 
0 
126.8 
112.6 
123.3 
0 
119.0 
96.1 
119.8 
0 
100.9 
105.7 
114.8 
0 
111.7 
Wisconsin 
I, II 
III, IV 
V-VIII 
Total 
83.7 
79.0 
0 
83.2 
110.0 
105.8 
0 
108.9 
82.6 
78.2 
0 
82.2  
Table 4,19. Net returns per acre for dry and irrigated cropland for the 12 major crops and summer 
fallow under the Land Preservation Alternatives as a percentage of the Trend 
Alternative in the zones of the area outside the North Central Region 
Prime Lands Fragile Lands Prime-Fragile 
A1 ternative Alternative A1 ternat i ve 
Zone Dryland Irrigated Dryland Irrigated Dryland Irrigated 
(Trend Alternative = 100 percent) 
Zone 1 85.4 
a 
108.7 
a 
90.1 
Zone 2 89.0 90.5 108.5 104.3 93.3 85.3 
Zone 3 90.7 
a 
90.5 
a 
94.1 
Zone 4 73.7 76.1 119.4 106.7 75.2 72.9 
Zone 5 103.2 106.6 136.6 122.2 107.6 120.8 
Zone 6 88.3 91.3 123.5 118.1 77.0 82.0 
Zone 7 80.5 76.8 102.7 120.3 88.8 80.8 
^Irrigation is not defined in this zone. 
Table 4.20. Returns to cropland used in the production of the 12 major crops and summer 
fallow In the United States, North Central Region (NCR), and areas outside the 
NCR under the Trend and Land Preservation Alternatives 
Prime Lands 
Alternative 
Region 
Increase as 
a percentage 
Trend of Trend 
Alternative® Value® Alternative 
Fragile Lands 
Al ternatIve 
Increase as 
a percentage 
of Trend 
Va I ue® A1 te mat I ve 
Prime-Fragile 
Alternative 
increase as 
a percentage 
of Trend 
Value®Alternative 
United States 7 ,138 6,417 -10.1 7,851 10.0 6,513 -8.8 
North Central 
Reg1on 5,177 4,701 -9.2 5,617 8.5 4,729 -8.7 
Perceiicage of U.S. 72.5 73.3 71.5 72.6 
Outside the NCR 1,961 1,716 -12.5 2,234 13.9 1,784 -9.0 
Percentage of U.S. 27.5 26.7 28.5 27.4 
^Thousands of 1972 dollars. 
150 
of the 12 major crops and summer fallow totaling 6.4 billion dollars. 
This is a decrease of 10.1 percent from the Trend Alternative. Aggregate 
returns to land in the North Central Region decrease by 9.2 percent. 
For areas outside the North Central Region, the decrease is 12.5 percent. 
The decrease in returns to land occurs because the supply of prime crop­
land for food production is increased under this alternative. A substan­
tial part of the land withdrawals for urban and other nonagricultural uses 
that is projected to be withdrawn from prime cropland under the Trend 
Alternative is shifted to classes 111 through VIII cropland under the 
Prime Lands Alternative. Although part of the withdrawals from prime 
land is shifted to other classes of cropland, the greater productivity 
of the retained prime cropland is sufficient to increase the overall 
production capacity (or economic supply) of all cropland combined. When 
the supply of a resource increases and the demand for its services are 
held constant, the economic return to the resource declines. 
Basically, the lower net returns to land under the Prime Lands 
Alternative result from two separate impacts. First, the larger supply 
of highly productive prime lands used moves the potential supply 
functions for each commodity to the right and when faced with a downward 
sloping demand curve a lower commodity price results. The lower 
commodity prices are translated into a lower gross revenue because of 
the inelastic demand for agricultural commodities. Because the more 
productive lands do not reduce cost by an absolute amount equal to the 
reduced gross returns, net returns must decline. Second, the less 
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productive lands (used under the Trend Alternative) that are replaced by 
the higher yielding prime lands retained in production under the Prime 
Lands Alternative are replaced on a less than one-to-one basis thereby 
reducing total acres employed. The fewer acres used and the lower net 
returns per acre both combined to give a lower aggregate net return to 
cropland utilized for the 12 crops and summer fallow. 
Fragile Lands Alternative The Fragile Lands Alternative 
also results in a significant impact on the agricultural production 
system. The aggregate net returns to land from the production of the 12 
major crops and summer fallow amount to 7.9 billion dollars nationally. 
This is 10 percent more than under the Trend Alternative and 22.3 percent 
higher than under the Prime Lands Alternative. Returns to land in the 
Region are approximately 5.6 billion dollars, an increase of 8.5 percent 
over the Trend Alternative. For areas outside the Region returns to 
land increase by 13.S percent. The forces previously discussed in 
connection with the Prime Lands Alternative also apply in this case. 
The removal of the fragile lands from crop production requires that the 
demand be fulfilled by more costly production alternatives. In other 
words, the economic supply of land decreases, shifting the supply function 
for land to the left. This shift forces up commodity prices and increases 
the gross returns to land. Because production costs also increase, the 
net effect depends on the relative change in gross returns to land and 
in production costs. In the case of the Fragile Lands Alternative total 
costs do not increase as rapidly as land use and the result is an increase 
in the net returns to land. This higher return to land is magnified by 
the use of a larger number of acres as the production alternatives must 
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move to less productive land which requires more acres to meet the output 
levels specified in the demand sector. As is indicated, this impact is 
felt not only within the North Central Region but carries over into 
areas outside the Region, and occurs even though the policy is imposed 
only in the North Central Region states. 
Prime-Fragile Alternative The counterbalancing effect of 
policies containing elements of both prime land retention and fragile 
lands conservation is reflected in returns to land. The returns to land 
under the Prime-Fragile Alternative decrease from Trend Alternative levels 
by 8.8 percent in the 48 contiguous states and by 8.7 percent and 9.0 
percent within the Region and in areas outside the Region, respectively. 
These decreases occur ss the supply of available prime cropland increases 
in the Region under the requirement that none can be employed for uses 
other than agricultural production. This added supply of prime cropland 
more than offsets the withdrawal of fragile lands from crop production 
in the North Central Region. 
Table 4.20 shows that returns to land in areas outside the Region 
are affected slightly more by these policies than are returns to land 
within the Region. The major reason for this is the changing configura­
tion of the available land base and it's use in production. Under each 
of the alternatives the more productive lands are used up to the limit of 
their availability before production shifts to less productive land. This 
pattern tends to maintain a greater degree of stability in production on 
the prime lands than on the less productive lands. The higher quality 
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lands substitute on less than a one-to-one exchange in production with 
the less productive lands. Therefore, the impact of any adjustment in 
the land base configuration will have a more notable affect on lower 
quality lands than on the more stable high quality lands in or out of 
the Region. Because the North Central Region contains a relatively high 
proportion of the prime croplands in the nation production in the Region 
is somewhat more stable than in the area outside the Region. The Land 
Preservation Alternatives, therefore, have a greater relative impact on 
returns to less productive land, most of which lies in the area outside 
the Region, than for returns to prime cropland. 
State and subregional effects The impact of each of the Land 
Preservation Alternatives within the North Central Region generally 
follows the pattern discussed in the previous section (Table 4.21). The 
major exception under the Prime Lands Alternative is in South Dakota 
where returns to land increase from Trend Alternative levels by 3.3 
percent. The impact in North Dakota is also atypical with a decrease of 
only 4.9 percent compared to the 9.2 percent decrease for the Region as 
a whole. These exceptions occur because of significant increases in 
barley and wheat production under the Prime Lands Alternative to 
compensate for the withdrawal of additional acreages from classes III and 
IV lands for nonagricultural purposes in other parts of the Region. 
The Plains states are affected the most under the Fragile Lands 
Alternative because a larger proportion of cropland acreages available 
for production under the Trend Alternative is now used under the Fragile 
Lands Alternative. As fragile lands are withdrawn from production. 
Table 4.21. Returns to cropland used In the production of the 12 major crops and summer 
fallow In the states of the North Central Region (NCR) under the Trend and Land 
Preservation Alternatives 
Prime Lands Fragile Lands Prime-Fragile 
Alternative AI ternat Ive Alternative 
Increase as Increase as Increase as 
a percentage a percentage a percentage 
Region and Trend ^ ^ of Trend ^ of Trend _ of Trend 
state Alternative Value Alternative Value Alternative Value Alternative 
Region 5,176,670 4,701,417 -9.2 5,616,513 8.5 4,728,573 -8.7 
Illinois 
% of NCR 
996,464 
19.2 
919,169 
19.6 
-7.8 1,051,247 
18.7 
5.5 909,319 
19.2 
-8.7 
Indiana 
% of NCR 
522,240 
10.1 
485.737 
10.3 
-7.0 552,403 
9.8 
5.8 484,125 
10.2 
-7.3 
Iowa 
% of NCR 
868,647 
16.8 
793.299 
16.9 
-8.7 912,630 
16.2 
5.1 773,525 
16.4 
-11.0 
Kansas 
% of NCR 
512,896 
9.9 
456,069 
9.7 
-11.1 626,238 
11.1 
22.1 490,582 
10.4 
-4.4 
Michigan 
% of NCR 
183,499 
3.5 
166,197 
3.5 
-9.4 183,671 
3.3 
0.1 168,915 
3.6 
-7.9 
Minnesota 
% of NCR 
472,335 
9.1 
386,581 
8.2 
-18.2 480,924 
8.6 
1.8 392,390 
8.3 
-16.9 
a Thousands of 1972 dollars. 
Table 4,21. (continued) 
Region and 
state 
Trend 
A1ternative* 
Prime Lands 
Alternative 
Increase as 
a percentage 
of Trend 
Value® Alternative 
Fragile Lands 
Alternatlve 
Increase as 
a percentage 
of Trend 
Valued Alternative 
Prime-Fragile 
Alternative 
Increase as 
a percentage 
of Trend 
Value® Alternative 
Missouri 
% of NCR 
248,639 
4.8 
225,940 
4.8 
-9.1 250,958 
4.5 
0.9 223,728 
4.7 
-10.0 
Nebraska 
% of NCR 
299,054 
5.8 
271,477 
5.8 
-9.2 333,855 
5.9 
11.6 264,891 
5.6 
-11.4 
North Dakota 
% of NCR 
219,386 
4.2 
208,714 
4.4 
-4.9 272,018 
4.8 
24.0 217,366 
4.6 
-0.9 
Ohio 
% of NCR 
409,481 
7.9 
381,207 
8.1 
-6.9 440,185 
7.8 
7.5 400,293 
8.5 
-2.2 
South Dakota 
% of NCR 
213,420 
4.1 
220,395 
4.7 
3.3 261,887 
4.7 
22.7 217,504 
4.6 
1.9 
Wisconsin 
% of NCR 
230,617 
4.5 
186,643 
4.0 
-19.1 250,506 
4.5 
8.6 185,944 
3.9 
-19.4 
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prices increase and the displaced production is satisfied in areas where 
land is available. The regional location of crop production shifts until 
the land in the western edges of the Region is utilized more fully to 
offset the loss in production from the fragile lands. This is the same 
impact that increases the returns to land in the area outside the North 
Central Region (Table 4.22). 
Returns to labor 
Changes in labor returns under each of the Land Preservation 
Alternatives also indicate part of the impact of these policies on farm 
income. In terms of regional distribution, total returns to labor from 
production of the 12 major crops are nearly evenly divided between the 
North Central Region and the area outside the Region for each of the 
alternatives considered (Table 4.23). At the national level, returns to 
labor are nearly unaltered by the Land Preservation policies. Within the 
North Central Region, the Fragile Lands and Prime-Fragile Alternatives 
cause siight reductions in returns to labor as compared to the Trend 
Alternative. In areas outside the Region slight increases of 0.8 
percent, 2.3 percent, and 1.8 percent occur for the Prime Lands, Fragile 
Lands, and Prime-Fragile Alternatives, respectively. 
In general, returns to labor change much less with changes in land 
use policies than do returns to land. The major factor in determining 
labor expenditure distribution is land use shifts. Under the Fragile 
Land Alternative, the location of crop production shifts from within 
the Region to areas outside of the Region and labor expenditures follow. 
On a state level the impact on labor expenditures follows the land use 
Table 4.22. Returns to cropland used în the production of the 12 major crops and summer fallow 
In the zones of the area outside the North Central Region (NCR) under the Trend and 
Land Preservation Alternatives 
Region and 
Zone 
Trend 
Alternative 
Prime Lands 
A1ternative 
Fragile Lands 
Alternative 
Prime-Fragile 
Alternative 
Value® 
Increase as 
a percentage 
of Trend ^ 
Alternative Value 
Increase as 
a percentage 
of Trend 
Alternative Value^ 
increase as 
a percentage 
of Trend 
A1ternative 
Outside the NCR 1,961.322 1,715,478 -12.5 2,233,552 13.9 1 ,784,111 -9.0 
Zone 1 212,111 181,096 -14.6 230,759 8.9 191,110 -9.9 
% of total 10.8 10.6 10.3 10.7 
Zone 2 838,347 745,468 -11.1 909,455 8.5 783.678 -6.5 
% of total 42.7 43.5 40.7 43.9 
Zone 3 89.685 77,511 -13.6 92,642 3.3 83.455 -7.0 
% of total 4.6 4.5 4.1 4.7 
Zone 4 324,976 243,885 -25.0 379.317 16.7 247.182 -23.9 
% of total 16.6 14.2 17.0 13.9 
Zone 5 219,123 231,206 5.5 287,322 31.1 252.216 15.1 
% of total 11.2 13.5 12.9 14.1 
Zone 6 178,191 159,875 -10.3 215,581 21.0 145.807 -18.2 
% of total 9.1 9.3 9.7 8.2 
Zone 7 98,890 76,441 -22.7 118,476 19.8 80.672 -18.4 
% of total 5.0 4.5 5.3 4.5 
^Thousands of 1972 dollars. 
Table 4.23. Returns to labor used In the production of the 12 major crops and summer 
fallow In the United States, North Central Region (NCR), and the area outside the 
NCR under the Trend and Land Preservation Alternatives 
Prime Lands Fragile Lands Prime-Fragile 
Alternative Alternative Alternative 
Increase as Increase as Increase as 
a percentage a percentage a percentage 
Trend of Trend of Trend of Trend 
Region Alternative® Value® Alternative Value® Alternative Value® Alternative 
United States 2,306 2,315 0.4 2,316 0.4 2,309 0.1 
North Central Region 1,170 1,170 0.0 1,154 -1.4 1,153 -1.5 
Percentage of U.S. 50.7 50.5 49.8 49.9 
Outside the NCR 1,136 1,145 0.8 1,162 2.3 1,156 1.8 
Percentage of U.S. 49.3 49.5 50.2 50.1 
®M111Ions of 1972 dollars. 
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shifts as was indicated at the Regional level (Table 4.24). 
Commodity Prices and Consumer Impacts 
The overall impacts of the Land Preservation Alternatives on farm 
level commodity prices are shown in Table 4.25. At the national level, 
commodity prices for the Prime Lands Alternative generally range between 
three percent and four percent below the Trend Alternative levels. Oats 
represent the only exception with a price 10 percent below the Trend 
Alternative level. For the Prime Lands Alternative commodity prices in 
the North Central Region and areas outside the Region also decrease from 
the Trend levels. More variation is noted within the Region, as might 
be expected, because the Prime Land retention policy was imposed only in 
the Region. 
Commodity prices for the major crops increase between one percent and 
seven percent above the Trend Alternative levels under the Fragile Lands 
Alternative. At the national level, barley and wheat prices are affected 
the most with increases of five percent above the Trend Alternative 
prices for each crop. Within the Region the prices of oats, wheat, 
barley, and sorghum grain all increase by five percent or more. In the 
area outside the Region barley and wheat prices are again affected the 
most. The prices of these crops are affected considerably more than 
that of corn grain because of their greater sensitivity to changes in 
the configuration of the land base. Also, the production of these crops 
is more directly affected by the restriction on the use of class IVe lands 
in the Plains states. 
Table 4.24. Returns to labor used in the production of the 12 major crops and summer 
fallow in the states of the North Central Region (NCR) under the Trend and Land 
Preservation Alternatives 
Prime Lands Fragile Lands Prime-Fragile 
AI ternative Alternative Alternative 
Increase as Increase as Increase as 
a percentage a percentage a percentage 
Trend of Trend ^ of Trend ^ of Trend 
State Alternative Value^ Alternative Value Alternative Value Alternative 
North Central Region 1,169,511 1,169,803 0.0 1,154,388 -1.3 1,153,019 -1.4 
Illinois 122,052 123,484 1.2 122,548 0.4 123,082 0.8 
% of NCR 10.4 10.6 10.6 10.7 
Indiana 72,621 73,723 1.5 72,741 0.2 73,815 1.6 
% of NCR 6.2 6.3 6.3 6.4 
Iowa 126,241 126,274 0.0 126,124 -0.1 125,905 -0.3 
% of NCR 10.8 10.8 10.9 10.9 
Kansas 192,193 193,357 0.6 181,778 -5.4 185,481 -3.5 
% of NCR 16.4 16.5 15.7 16.1 
Michigan 74,293 74,285 0.0 73,487 -1.1 73,916 -0.5 
% of NCR 6.4 6.4 6.4 6.4 
Minnesota 123,703 122,391 -1.1 123,438 -0.2 120,420 -2.7 
% of NCR 10.6 10.5 10.7 10.4 
^Thousands of 1972 dollars. 
Table 4.24. (continued) 
State 
Trend 
Alternative 
Prime Lands 
Alternative 
Fragile Lands 
AlternatIve 
PrIme-FragIle 
AlternatIve 
Value^ 
Increase as 
a percentage 
of Trend 
Alternati ve Value^ 
Increase as 
a percentage 
of Trend 
Al ternative Value® 
increase as 
a percentage 
of Trend 
Alternative 
Missouri 79,344 76,436 
-3.7 72,743 -8.3 69.233 -12.7 
% of NCR 6.8 6.5 6.3 6.0 
Nebraska 99,182 97,629 -1.6 99,389 0.2 99,963 0.8 
% of NCR 8.5 8.3 8.6 8.7 
North" Dakota 68,099 68,760 1.0 69,177 1.6 67,133 -1.4 
% of NCR 5.8 5.9 6.0 5.8 
Ohio 87,508 88,794 1.5 87,610 0.1 89,121 1.8 
% of NCR 7.5 7.6 7.6 7.7 
South Dakota 62,239 62,692 0.7 62,848 1.0 62,899 1.1 
% of NCR 5.3 5.4 5.4 5.5 
WÎ scons in 62,038 61,980 -0.1 62,506 0.8 62,053 0.0 
% of NCR 5.3 5.3 5.4 5.4 
Table 4.25. Commodity prices under the Land Preservation Alternatives as a percentage of the 
Trend Alternative for the United States, the North Central Region (NCR), and the 
area outside the NCR 
Region and Corn Sorghum 
alternati ve Barley grain Oats grain Wheat 01Imeal 
United States (Trend Alternative = 100 percent) 
Prime Lands 97 97 90 96 96 97 
Fragile Lands 105 101 104 101 105 103 
Prime-Fragile Lands 99 96 94 95 97 98 
North Central Region 
Prime Lands 93 97 90 97 95 97 
Fragile Lands 105 101 107 105 106 103 
Prime-Fragile Lands 99 95 94 97 98 98 
Outside North Central 
Region 
Prime Lands 99 98 96 96 97 97 
Fragile Lands 106 101 104 101 105 102 
Prime-Fragile Lands 100 98 99 95 96 98 
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The Fragile Lands Alternative has prices higher than the Trend 
Alternative and considerably higher than the Prime Lands Alternative. 
In both cases, the differences are due to the reduced economic supply 
of cropland (supply capacity) under the Fragile Lands Alternative. Even 
though the quantity of fragile lands used for crop production is 
relatively small, the necessary adjustments in the location of crop 
production to conserve these fragile lands do have a significant impact 
on the prices of most of the major commodities. 
The commodity price impacts of the Prime-Fragile Alternative result 
in prices lower than the Trend Alternative but above the Prime Lands 
Alternative levels. The mid-point position for the prices reflects 
the effect of both the Prime Lands and the Fragile Lands Alternatives. 
For the United States as a whole the Land Preservation Alternatives 
influence consumer food costs rather differently. Under the Prime Lands 
Alternative the farm-level portion of consumer food costs is three 
percent lower than under the Trend Alternative. The Prime-Fragile 
Alternative has farm-level food costs two percent lower than under the 
Trend Alternative. However, under the Fragile Lands Alternative, farm-
level food costs are three percent higher than under the Trend Alterna­
tive. These changes are not large. However, they do suggest the 
direction of change expected from policies such as those evaluated. 
Summary and Conclusions 
The Trend Alternative estimates that in the North Central Region 
5.9 million acres of land are to be withdrawn from all cropland for non-
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agricultural uses by 2000. Of this amount, 3.8 million acres come from 
prime cropland, 161,000 acres from fragile cropland, and the balance 
from classes III and IV lands. Should future economic conditions 
approximate those simulated by the Trend Alternative, the withdrawal of 
the additional land for nonagricultural purposes will have a noticeable 
impact on agriculture and agricultural commodities. Land will become 
relatively more scarce and commodity prices will continue to increase 
to reflect the increased scarcity of land. This will occur unless yield 
increasing technology sufficiently substitutes for land to maintain or 
increase agricultural supply capacity. If prices increase, the return 
to all lands that remain in agricultural production will increase. If, 
however, the land use conversion conditions up through the year 2000 
follow more closely those simulated by one of the Land Preservation 
Alternatives, circumstances will be somewhat different. 
The Prime Lands Alternative allows the nation's crops to be grown 
on generally more productive land since an additional 3.8 million acres 
of prime land are retained in cropland as compared to the Trend Alterna­
tive. Part of the land withdrawn from prime cropland for urban uses 
under the Trend Alternative will be taicen from less productive cropland 
under the Prime Lands Alternative. Part of these withdrawals will be 
shifted to pasture and forest lands where pasture and forest acres are 
available. Because of the productivity differences between prime cropland 
and cropland in the other capability classes, the supply capacity of 
agriculture will be greater under the Prime Lands Alternative than under 
165 
the Trend Alternative. This makes land relatively less scarce in all 
states in the Region and for the nation as a whole. With more highly 
productive land available, those crops with the greatest income potential 
continue to concentrate in the North Central Region. 
Returns to land decrease by 9.2 percent in the Region and decrease 
by slightly more than 12.5 percent in the area outside the Region under 
the Prime Lands Alternative as compared to the Trend Alternative. The 
lower return to land results from the lower commodity prices reflecting 
the less costly production conditions created by the larger supply 
capacity generated by the additional prime lands. Nationally, farm level 
commodity prices decrease between three and 10 percent under the Prime 
Lands Alternative. With the conditions of the Prime Lands Alternative 
the consumer is the beneficiary of slightly lower food costs, assuming 
that the reduction in commodity prices is passed through the marketing 
system to the consumer. 
Under the Fragile Lands Alternative the cropland base is affected 
by a redistribution of projected nonagricultural land withdrawals. More 
importantly, however, approximately seven million acres of fragile lands 
(inventoried as cropland in the 1967 CN!) are excluded from crop produc­
tion other than for pasture. Under the Trend Alternative a relatively 
small portion (approximately 10 percent) of the fragile lands is used 
for crop production reflecting the lower productivity of these lands. 
Therefore, the Fragile Lands Alternative is not as restrictive on total 
agricultural production as might be expected. However, the overall 
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impacts of the policy are quite significant. The greatest impact is in 
the areas where large amounts of existing fragile lands are used and the 
resulting shifts in production reflect movement of the crops to unused 
potential cropland both within the Region and in adjacent zones. 
With the reduction in availability of cropland under the Fragile 
Lands Alternative, the returns to land used for major crops increase 
by 10 percent nationally. Returns to land increase by 8.5 percent within 
the Region and by approximately 14 percent in the area outside the Region. 
Commodity prices also increase between one and seven percent and farm-
level per capita food costs increase by about three percent. 
The Fragile Lands Alternative has the effect of reducing the overall 
supply capacity for agricultural production in the Region and nationally. 
Land is relatively more scarce, which causes the increase in both 
commodity prices and returns to land. Thus, in general, this alternative 
will tend to benefit farmers and landowners but will increase the farm-
level food costs for consumers. 
Under the Prime-Fragile Alternative, the basic assumptions of both 
the Prime Lands and Fragile Lands Alternatives are combined. This policy 
causes crop production to shift to higher quality land. However, the 
redistribution of crop production depends upon the relative profit­
ability of the crops. The overall impact of this alternative reflects 
an intermediate position between that of the Prime Lands and Fragile 
Lands Alternatives. Returns to land decrease by about nine percent, 
reflecting the strong influence of the prime lands retention policy. 
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Supply capacity increases substantially under the Prime-Fragile 
Alternative. An additional 3.8 million acres of prime land are 
available, as compared to the Trend Alternative. The impact of the 
fragile lands conservation policy is not great enough to completely 
offset the effects of the retention of prime lands. 
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CHAPTER V. ENVIRONMENTAL CORRIDORS, RECREATIONAL 
AREAS, AND OPEN SPACE FOR FUTURE GENERATIONS 
One of the notable consequences of the growth in population and 
advancement of agricultural and industrial technology in the United 
States has been the concentration of population into towns and cities. 
Industrial and commercial development has encouraged many farm families 
and individuals to migrate to cities In search of more favorable 
educational, economic, and cultural opportunities. The migration of 
rural people, relatively liberal immigration policies, and natural 
population growth have frequently resulted in seriously overcrowded 
conditions in many large cities throughout the United States. This in 
turn has increased the stress upon the local environment within and 
adjacent to many of these cities. Policies devised to cope with these 
problems have nearly all, directly or indirectly, influenced land use 
patterns. 
As the problems associated with overcrowded cities have become 
more intense, city officials have generally worked to create more satis­
factory conditions for their people. In some cases, provisions were 
made for parks and recreational facilities with enough foresight to 
meet growing demands for these services. In other cases, existing 
parks and recreation facilities are inadequate. There are a number of 
reasons frequently cited for these inadequacies. These reasons include 
poor location of developable resources, lack of funds to purchase or 
improve facilities, improper location of existing facilities, and 
existing facilities that may not be accessible to many people. 
169 
Access to recreational facilities is often a function of family 
income. Many people, particularly the poor and elderly, do not have 
access to existing parks and recreational facilities. Fees charged by 
private clubs and recreation centers are often prohibitive for these 
people. Also, cars, buses, and other forms of transportation may not 
be available or are too expensive so that many people are excluded from 
public facilities as well. 
In many cities nearly all open space not specifically reserved for 
recreational uses has fallen prey to intensive industrial, commercial, 
residential, or transportation development. Land suitable for new 
recreational purposes may not be available within the legal boundaries 
of the city. Even when land is available, competition for tax revenue 
is very intense. Since land values are extremely high within the city, 
city governments frequently find it difficult to justify purchasing land 
from private owners for recreational uses because it removes the land 
from the tax base. The purchase and maintenance of parks and 
recreational facilities is normally subsidized heavily from the city or 
county budget. Therefore, the use of scarce financial resources and 
valuable lands for these purposes are frequently subject to debate by 
city officials, local businessmen, and citizens alike. 
In recent decades, it has been recognized that the removal of land 
from the tax roles for open space and recreation areas has, in many 
cases, proved to be a benefit instead of a burden to the city tax base. 
Benefits accrue from the favorable impact on the value of property 
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adjacent to the open space recreation areas. Thus, the high assessments 
on adjacent property can subsidize or pay for parks and open space areas 
which are developed in the urban area. Therefore, as new cities and 
subdivisions are planned, provisions are usually made to incorporate 
open space and recreation areas into development plans. 
The purposes of this chapter are: (1) to determine the present 
status of the large cities in the North Central Region in terms of 
recreation and open space land available within their boundaries; 
(2) to estimate the quantity of land needed in each of the Region's 
states to reduce the congestion problem; (3) to review possible 
approaches to providing more land for these uses in the future; and 
(4) to examine the potential impacts on agriculture of implementing 
these approaches. 
Past and Present Availability of Urban Parks, 
Recreation, and Open Space Land 
Recreational land survey 
To provide some insight into the availability and adequacy of open 
space and recreational lands within the North Central Region, a survey 
was taken of 32 large cities in the Region.' The cities were divided 
into three separate groups according to population size (Group 1, 50,000 
to 100,000; Group 2, 100,001 to 500,000; and Group 3, over 500,000 in 
population). A questionnaire was mailed to the city planning office of 
each city requesting information about the past and present population, 
^A detailed description of how the sample was drawn and a listing of 
all cities contacted are included in Appendix B. 
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land area, and uses of land within the city. In several instances 
follow-up telephone contacts were made. Of the 32 cities contacted 
usable responses were obtained from 25. Information was requested for 
several different years, but the majority of cities responding did not 
have data on land use distribution for more than one point in time. 
The majority of the respondents provided data for 1970 or a year close 
to 1970. Only a few had data for I960 or earlier. Because of inadequate 
response data it is not possible to develop general trend information, 
but data are sufficient to compare land distribution between cities of 
different size groups. 
The average amount of land used per person for Group 1 was 0.19 
acres. Evanston, Illinois, (a suburb of Chicago) was the most densely 
populated with O.O6 acres per person and Sioux City, Iowa, the least 
dense with 0.41 acres per person (Table 5.1). In Group 2 Toledo, Ohio, 
reported the greatest density with 0.14 acres per person while Duluth, 
Minnesota, was the least dense in this group with 0.44 acres per person. 
The mean acreage per person for Group 2 was 0.20. However, if the data 
for Duluth, Minnesota, are removed, the average acres per person declines 
to 0,16. For Group 3 the city with the highest density is Chicago with 
0.04 acres per person and the lowest was Kansas City, Missouri, with 
0.40 (Kansas City reported nearly 75.000 acres of agricultural land with­
in the boundaries of the city). If the data for Kansas City are removed 
from Group 3» the average land area per capita decreases from 0,09 to 
0.07. 
Table 5.1. Population and land area of cities surveyed in the North Central Region by 
population groups 
Population Number of cities Total Total Acres per 
group® reporting population acreage person 
Group 1 15 
Meaner 73,073 14,187 0.194 
Range^ 48,887-100,035 5,050-35,171 0.062-0.406 
Group 2 4 
Mean^ 174,676 34,353 0.197 
Range^ 100,578-383,818 15,680-54,624 0.142-0.438 
Group 3 6 
Mean^ 1,084,039 98,431 0.091 
Range^ 507,087-3,366,959 39,836-202,451 0.043-0.399 
^Population groups are: Group 1, 50,000 to 100,000; Group 2, 100,001 to 500,000; and 
Group 3, over 500,000 In population as reported In the 1970 U.S. census of population. 
^Includes population and land area reported by cities responding to the questionnaire. 
^Population levels reported by some cities for 1970 are less than or greater than those 
reported In the 1970 census which explains range extremes outside the population size group 
limits. 
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The quantity of existing recreational lands in the North Central 
Region cities responding to the survey are shown in Table 5.2. In 
Group 1, Elmhurst, Illinois, had the least amount of recreational land 
(201 acres) while Bloomington, Minnesota, had the most recreational 
land (5,165 acres). In Group 2, Dearborn, Michigan, had the smallest 
amount (1 ,385 acres) while Duluth, Minnesota, had the largest recreational 
acreage (9,951 acres). In Group 3, St. Louis, Missouri, had only 3,005 
acres while Chicago had 11,200 acres of recreational lands for the two 
extremes. However, in terms of acres of recreational lands per person 
Chicago was the lowest within Group 3 and also the lowest of all cities 
responding, with 0.003 acres per person or 3 acres per 1,000 persons. 
Of all cities responding from the three groups, Bloomington and Duluth, 
Minnesota, had the highest recreational acreage per capita with 63 and 
99 acres per 1,000 people, respectively. By removing the data for Duluth, 
Minnesota, from Group 2 the quantity of recreational lands decreases 
from 12 percent of the total acreage in these cities to seven percent 
while per capita recreational acreage drops to 11 acres per 1,000 people. 
These relationships tend to be inversely related to size of the city 
and population density. In other words as city size increases, the 
percentage of total land in recreational uses decreases; as population 
density increases, recreational acreage per capita declines. 
In addition to developed recreational lands it is useful to look 
at the availability of undeveloped open space areas within the cities 
(vacant lots included). The cities in Group 1 reported an average of 
Table 5.2. Recreational land area in cities surveyed in the North Central Region by 
population groups 
Population 
group® 
Number of cities 
reporting 
Total 
recreation 
acreage 
Percent 
of total 
acreage 
Recreation 
acreage 
per person 
Group 1 15 
Mean^ 1,176 8.3 0.016 
Range 201-5,163 1.5-21.1 0.004-0.063 
Group 2 4 
Mean^ 4,126 12.0 0.024 
Range 1,385-9.951 6.5-22.6 0.009-0.099 
Group 3 6 
Mean'* 5,540 5.6 0.005 
Range 3,005-11.200 3.8-7.7 0.003-0.016 
^Population groups are: Group 1, 50,000 to 100,000; Group 2, 100,001 to 500,000; and 
Group 3, over 500,000 in population as reported in the 1970 U.S. Census of population. 
^Includes land area reported by cities responding to the questionnaire. 
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2,690 acres of nonagricultural open space within their boundaries. 
Group 2 averaged 3,625 acres and Group 3 averaged 8,766 acres of land 
in this category (Table 5.3). The undeveloped nonagricultural acreages 
amount to an additional 36.7. 28.2, and 8,1 acres per 1,000 people for 
each group, respectively. This additional land, however, is not all 
available for development into environmental corridors. Some respondents 
indicated that much of their undeveloped land is conmitted to commercial 
and industrial development or other uses. In addition to nonagricultural 
open space, a few responding cities indicated that a sizable amount of 
agricultural land existed within their boundaries. The presence of 
significant amounts of agricultural land was not indicated by the 
majority of the cities reporting, however. 
The final questions asked on the survey regarding recreational and 
open space land dealt with the respondents' opinions as to the adequacy 
of existing recreational lands and facilities in meeting the needs of 
their people and about the use of recreation and open space standards. 
Of the 25 cities reporting, five stated that their facilities were ade­
quate, 13 suggested that existing facilities were inadequate, and seven 
did not respond. Of those suggesting a need for improvement, approxi­
mately 50 percent indicated the need for more land and facilities. How­
ever, the majority of those commenting on reasons for inadequacy of 
existing facilities indicated that poor accessibility of parks and open 
space areas, because of location within the city, is a more serious 
problem than the small total acreage devoted to these uses. The 
Table 5.3. Undeveloped nonagricultural open space and vacant land area in cities surveyed 
in the North Central Region by population groups 
Population 
group® 
Number of cities 
reporting 
Total 
undeveloped 
acreage 
Percent 
of total 
acreage 
Undeveloped 
acreage 
per person 
Group 1 8 
Mean^ 2,690 18.7 0.037 
Range 790-4,769 7.4-30.7 0.011-0.087 
Group 2 3 
Mean^ 5,625 18.1 0.028 
Range 2,121-9.255 13.5-23.9 0.020-0.050 
Group 3 6 
Mean'* 8,766 8.9 0.008 
Range 2,225-20,000 5.6-18.2 0.003-0.039 
^Population groups are: Group 1, 50,000 to 100,000; Group 2, 100,001 to 500,000; and 
Group 3, over 500,000 In population as reported in tlie 1970 U.S. Census of population. 
^includes land area reported by cities responding to the questionnaire. 
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respondents suggested that more land is needed for open space, local 
city parks, and larger regional parks, however. They suggested that a 
small local park be located within walking distance (0.25 to 0.5 miles) 
from every residence. The establishment of these local parks will 
largely involve adjustments in land use within cities as vacant areas 
are committed to use and as rundown areas are redeveloped. The impact 
of agriculture will mainly come with the development of new subdivisions, 
cities, and regional parks outside the boundaries of cities already 
established. This new development will occur as businesses and 
residences are located away from the central cities and as urban areas 
are expanded. 
In recent years per capita income has increased and leisure time 
has become more plentiful. The migration patterns of rural people 
moving to large cities has changed to a situation where the urban 
population is migrating out of the central cities to the suburbs and 
rural countryside. This movement out of the central cities reduces the 
congestion problem of the cities, but it also tends to reduce the 
financial or tax base in these areas. Those who are financially better 
off and can afford to move are the people moving out of the cities. 
They frequently earn their incomes at jobs within the city and spend it 
in shopping centers outside the city. This shift often aggrevates the 
already serious financial plight of large city governments. 
Some authorities believe that the change in migration patterns 
suggests a much wider dispersion of population. However, rural families 
and individuals continue moving towards the large urban centers but 
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frequently establish residences in the suburbs or adjacent rural areas 
instead of the central city. Consequently, more land will be needed 
for homes and recreational areas if the trend to suburbia continues. 
Implications of the survey 
There is a growing interest in providing new and improved recreation 
and open space lands and facilities in and adjacent to large cities in 
the Region. A great deal of difference exists among the Region's cities 
as to the amount of supporting lands available for these uses. Many 
cities have considerable capacity for meeting their open space needs by 
more efficiently using land that is already within their borders and 
not withdrawing more from agricultural production. These are largely 
problems that must be solved on an individual city basis. They can be 
helped some by urban renewal programs and by improved efforts on the 
part of citizens and governments of the cities themselves. Additional 
land will be required in most cases to meet the needs of expanding urban 
populations. The additional land needed will come primarily from land 
resources adjacent to existing urban areas. The impact on agriculture 
in these areas will be important. 
Additional Urban Land Withdrawals for 
Parks, Recreation Facilities, and 
Open Space Needs 
The problems of location and accessibility of existing parks and 
development of new ones within established cities are beyond the scope 
of the present study, it is apparent from the survey that more attention 
is being given to the incorporation of greater amounts of open space and 
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recreational land into new urban developments. These new developments 
will require even more land to be withdrawn from agricultural uses if 
historic land transfer patterns are not altered. The purpose of this 
section is to estimate the additional lands needed for these uses and to 
examine the potential impacts on agriculture of two alternative ways of 
providing this additional land. The mathematical programming model 
described in Chapter II is used to evaluate the two alternatives in 
detail. The first of the two alternatives considered is called the 
Environmental Corridor Alternative. It considers increasing the per 
capita land use requirement for future urban development in the Region. 
The second alternative consists of reinterpreting the results of the 
Fragile Lands Alternative as a policy to jointly conserve fragile lands 
and to use these lands as open space or greenbelt areas for recreation 
and wildlife refuges. 
Estimation of additional land needs 
There have been a number of attempts made to develop park and open 
space standards in recent years. For example, in 1961 it was suggested 
that standards for recreational-open space within cities in Illinois be 
set at 10, 15, and 20 acres per 1,000 population by the years I960, 1980, 
and 2000, respectively (Seeley, 1973). This source also suggested that 
additional land be devoted to regional parks located within 0.5 to 2.0 
hours driving time from the cities. The recommendation included 20 
acres per thousand population by I960, 35 acres per thousand population 
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by 1980, and 100 acres per 1,000 population by the year 2000 for the 
regional parks and reservations. 
In 1966 the National Recreation and Park Association (NRPA) recom­
mended 10 acres per 1,000 population within cities and an additional 15 
acres per 1,000 population within an hour's travel time in regional 
parks (National Recreation and Park Association, 1966). More recently 
NRPA recommended that a minimum of 25 percent of all land in new towns, 
planned unit developments, and large subdivisions be devoted to parks, 
recreational lands, and open space (National Recreation and Park Associa­
tion, 1971). This recent recommendation by NRPA represents a much more 
liberal quantity of land than suggested earlier. Yet NRPA stressed that 
its suggested standards are "... recommended minimum standards that are 
current with the times..." (National Recreation and Park Association, 
1971). 
As a means of evaluating the potential impacts of expanded urban 
recreational land needs the Environmental Corridor Alternative simulates 
the adoption of the NRPAs recommended 25 percent standard in the North 
Central Region. The per capita land needs coefficients used with the 
Trend Alternative are adjusted upward to accommodate the greater with­
drawals for urban parks, recreation and open space needs suggested by 
NRPA. Approximately 513 thousand acres would be affected in the North 
Central Region (Table 5.4). The Fragile Lands Alternative is reinter­
preted to consider the possibility of providing for these additional 
urban land needs by using the fragile lands. The results of both the 
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Table 5.4. Projected urban land withdrawals under the Trend and 
Environmental Corridor Alternatives in the United 
States,^ North Central Region (NCR), and the area out­
side the NCR, 1967 to 2000 
Region and 
state 
Urban land withdrawals 
Trend Env. Corridor 
alternative alternative 
Increase in 
urban land 
withdrawals 
(thousands of acres) 
United States 14,317.4 14,830.4 513.1 
North Central Region 2,647.3 3,160.3 513.1 
Illinois 430.4 513.8 83.4 
Indiana 298.7 356.6 57.9 
Iowa 128.1 153.0 24.9 
Kansas 130.4 155.7 25.3 
Michigan 475.0 567.0 92.0 
Minnesota 277.1 330.8 53.7 
Missouri 262.1 312.9 50.8 
Nebraska 42.2 50.4 8.2 
North Dakota 0 0 0 
Ohio 406.3 485.0 78.7 
South Dakota 1.9 2.2 .3 
Wi sconsin 195.2 233.0 37.8 
Outside the NCR 11,670.1 11,670.1 0 
^In this and all subsequent tables of this chapter, the United 
States category includes only data for the 48 contiguous states. 
^Urban land withdrawals under the Environmental Corridor 
Alternative level to incorporate the National Recreation and Park 
Association (NRPA) recommendation that a minimum of 25 percent of 
all acreages in new urban developments be devoted to parks, 
recreational lands and openspace (NRPA, 1971). 
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Environmental Corridor and the Fragile Lands Alternative are compared 
to the Trend Alternative to determine the relative impact on agriculture 
of these two open space alternatives. 
Alternative sources for additional open space lands 
Available reclaimed surface mining lands, renovated military bases, 
and airports can provide substantial quantities of land suitable for 
parks and open space acreages. However, when not situated within or 
immediately adjacent to the cities, they are of little benefit to people 
who do not have automobiles or access to other forms of transportation. 
The majority of new lands needed for conversion to urban purposes 
must come from lands adjacent to the urban areas. To examine the poten­
tial impact of conversion of these lands, it is useful to have estimates 
of the quantity and types of land existing close to the cities. Table 
5.5 shows the distribution of the 1967 Conservation Needs inventory (CN!) 
2 
agricultural acres within Standard Metropolitan Statistical Area (SMSA) 
counties aggregated to state levels in the Region. There are substantial 
amounts of agricultural land available within the SMSA counties in most 
states. The majority (80 percent or over) of the U.S. population growth 
by the year 2000 is expected to occur in or adjacent to SMSA counties. 
Land needs for urban purposes by the year 2000 will largely be withdrawn 
2 
A Standard Metropolitan Statistical Area is a group of counties 
defined as an entire area in or around a city or community of at least 
50,000 people in which activities form an integrated economic and social 
system (Bureau of the Census, 1972a). 
Table 5.5. Inventory of total agricultural lands by major use category in Standard 
Metropolitan Statistical Area^ counties in tlie states of tiie North Central Region 
(NCR) in 1967° 
Region and Pasture Range Forest Other Total 
state Cropland Hayland land land land land land 
(thousands of acres) 
North Central 
Region 25,821 690 3,572 811 8,553 3,943 43,391 
Illinois 5,367 38 463 0 413 442 6,723 
% of NCR 20.8 5.5 23.0 0.0 4.8 11.2 15.5 
Indiana 3,712 48 464 0 784 546 5,553 
% of NCR 14.4 6.9 13.0 0.0 9.2 13.8 12.8 
Iowa 2,195 19 228 5 201 107 2,755 
% of NCR 8.5 2.8 6.4 0.6 2.4 2.7 6.4 
Kansas 952 90 121 705 84 40 1,994 
% of NCR 3.7 13.1 3.4 86.9 i.o 1.0 4.6 
Michigan 2,955 81 226 0 1,304 888 5,454 
% of NCR 11,4 11.7 6.3 0.0 15.2 22.5 12.6 
Minnesota 1,282 102 187 11 2,159 357 4,098 
% of NCR 5.0 14.8 5.2 1.4 25.2 9.1 9.4 
^In all subsequent tables in this chapter where reference is made to Standard Metropolitan 
Statistical Areas the abbreviation "SMSA" will be used. 
^Source: Conservation Needs Inventory Committee, 1971. 
Table 5.5. (continued) 
Region and Pasture Range Forest Other Total 
state Cropland Hayland land land land land land 
(thousands of acres) 
Missouri 1,450 49 788 18 973 293 3,572 
% of NCR 5.6 7.1 22.1 2.2 11.4 7.4 8.2 
Nebraska 694 14 88 21 38 49 905 
% of NCR 2.7 2.1 2.5 2.6 0.4 1.2 2.1 
North Dakota 973 3 34 11 19 34 1,075 
% of NCR 3.8 0.5 1.0 1.4 0.2 0.9 2.5 
Ohio 3,822 153 720 0 1,512 838 7,044 
% of NCR 14.8 22.2 20.1 0.0 17.7 21.3 16.2 
South Dakota 366 21 27 40 6 9 469 
% of NCR 1.4 3.0 0.8 4.9 0.1 0.2 1.1 
WIscons in 2,052 71 225 0 1,061 339 3,748 
% of NCR 7.9 10.3 6.3 0.0 12.4 8.6 8.6 
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from the agricultural lands within these areas. Most of the land for 
parks, recreational facilities, and open space areas will come from 
agricultural lands in SMSA counties as well. 
Table 5.6 shows total cropland acreage in SMSA counties and the 
additional urban acreage needed to attain the NRPA standards. The 
magnitude of the additional acreage needed is relatively small in each 
of the states of the Region. It reaches a high of only 4.2 percent in 
Minnesota and shows no increase in North Dakota, indicating that the 
potential impact of the Environmental Corridor Alternative on the 
national and regional agriculture land base would not be great. No in­
crease in population is projected for North Dakota and only a very 
modest population increase is projected for South Dakota by the year 2000. 
The procedure used to estimate future urban land needs is largely based 
on expected population change. Therefore, the quantity of additional 
land needed for urban uses in these and other states reflects the 
projected aggregate change in population by the year 2000. 
In formulating the Fragile Lands Alternative the land base is 
adjusted to prohibit the use of the Region's fragile lands for cropping 
purposes. In the present analysis it is desirable to evaluate the 
potential for using this land as recreational-open space areas and wild­
life refuges. The Conservation Needs Inventory Committee (1971) describes 
the land in classes V through VIII as being "generally unsuitable for 
growing the common cultivated crops." The soils on these classes of land 
have physical or climatic conditions which make them unsuitable for crop 
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Table 5.6. Cropland acreage in SMSA counties in 1967 and increase in 
urban land withdrawals under the Environmental Corridor 
Alternative in the states of the North Central Region 
SMSA Increase In urban land withdrawals 
Region and cropland Percent of SMSA 
state acreage® Acreage acreage 
(thousands of acres) (percentage) 
North Central 
gion 25,819 513.1 2.0 
Illinois 5,367 83.4 1.6 
Indiana 3,712 57.9 1.6 
Iowa 2,195 24.9 1.1 
Kansas 952 25.3 2.7 
Michigan 2,955 92.0 3.1 
Minnesota 1,281 53.7 4.2 
Mi ssouri 1,450 50.8 3.5 
Nebraska 694 8.2 1.2 
North Dakota 973 0 0.0 
Ohio 3,822 78.7 2.1 
South Dakota 366 .3 0.0 
Wi scons in 2,052 37.8 1.8 
^Source; Conservation Needs inventory Committee, 1971. 
production. For example, some of these soils are poorly drained and 
subject to frequent flooding. Others are rocky or are very steeply 
sloped and subject to severe erosion. In addition there are a number of 
other conditions that restrict the use of these lands for agricultural 
production. 
The conditions that limit the agricultural potential of the fragile 
lands may either limit or enhance the use of the land for recreational-
open space uses. Few of these lands would be suited for baseball fields. 
But many of them would make good picnic areas, campgrounds, nature trails. 
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hunting areas, or wildlife preserves. Some of the fragile lands can 
be developed effectively. Others are unsuitable for recreational uses 
for the same reasons that they are unsuitable for intensive cultivation. 
Where fragile lands can be developed, they can usually provide excellent 
parks or recreation areas. 
The greatest need for additional parks, recreation, and open space 
areas is in and adjacent to large cities. There are substantial acreages 
of fragile crop, hay, and pasture land within SMSA counties in the North 
Central Region. To the extent that these acreages are contiguously 
grouped and are accessible to the public they have considerable potential 
in helping to relieve urban congestion. Also, this use of fragile lands 
can remove some of the burden of urban development from higher quality 
agricultural lands. 
The additional acreage needed to achieve the NRPA standards is 
shown in Table 5.7. Comparing these needs to total SMSA fragile cropland 
indicates the potential for meeting these standards through the use of 
fragile croplands. In several of the states there seems to be enough 
total fragile cropland within SMSAs to meet these needs, in other states 
this is not the case. Also, because of the problems of location, accessi­
bility, and physical condition of the soil not all fragile cropland in 
any given SMSA can effectively be used to meet park and recreation needs. 
Table 5.8 shows the combined acreage for fragile crop, hay, and pasture 
land. Extending the policy to include these lands seems to be a possi­
bility. But, in Kansas, Michigan, and Minnesota the quantity of fragile 
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Table 5.7. Fragile cropland available in SMSA counties and projected 
increase in urban land withdrawals under the Environmental 
Corridor Alternative in the states of the North Central 
Reg i on® 
SMSA increase in urban land withdrawals 
Region and cropland Percent of SMSA 
state acreage'' Acreage fragile cropland 
(thousands of acres) (percentage) 
North Central 
Region 562 513 91.3 
111inois 102 83 81.4 
Indiana 31 58 187.1 
Iowa 64 25 39.1 
Kansas 14 25 178.6 
Michigan 86 92 107.0 
Minnesota 37 54 145.9 
Missouri 70 51 72.9 
Nebraska 24 8 33.3 
North Dakota 2 0 0 
Ohio 51 79 154.9 
South Dakota 16 0 0 
Wi scons in 65 38 58.5 
^Data in this and all subsequent tables in this chapter are for 
the year 2000 unless other wise stated. 
^SMSA fragile cropland available represents the 1967 CNI fragile 
cropland adjusted for irrigation and wetland development up to 1975. 
Table 5.8. Inventory of fragile crop, hay and pasture land within SMSA counties in the states 
of the North Central Region, 1967 
Fragile cropland 
avaliable 
Fragi 
pasture 
le hay and 
land available 
Total fragile 
crop, hay and pasture land 
Region and 
state 
Acres 
(000) 
Percentage of 
® total SMSA 
agric. acres 
Acres 
(000) 
Percentage of 
total SMSA 
agric. acres 
Acres 
(000) 
Percentage of 
total SMSA 
agric. acres 
North Central 
Region 562 1.3 779 1.8 1,341 3.1 
111inoi s 102 1.5 115 1.7 217 3.2 
Indiana 31 0.6 96 1.7 127 2.3 
Iowa 64 2.3 43 1.6 107 3.9 
Kansas 14 0.7 21 1.1 35 1.8 
Michigan 86 1.6 34 0.6 120 2.2 
Minnesota 37 0.9 42 1.0 79 1.9 
Missouri 70 2.0 142 4.0 212 5.9 
Nebraska 24 2.7 18 2.0 42 4.6 
North Dakota 2 0.2 9 0.8 11 1.0 
Ohio 51 0.7 174 2.5 225 3.2 
South Dakota 16 3.4 11 2.3 27 5.8 
Wi scons in 65 1.7 74 2.0 139 3.7 
®SMSA fragile cropland available represents the 1967 CNI fragile cropland adjusted for 
Irrigation and wetland development up to 1975. 
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land in these three categories does not exceed the total additional 
needs by a very large margin. 
Impacts on Agriculture of Policies to 
Provide Additional Recreation 
and Open Space Lands 
Cropland adjustments and utilization 
National and regional impacts Under the Environmental Corridor 
Alternative, land withdrawals for urban purposes are increased to reflect 
the NRPA's 25 percent standard in the North Central Region. As a result, 
cropland available for production in all land capability groups is re­
duced accordingly. Under the Fragile Lands Alternative, all fragile lands 
lands are removed from crop production and are made available for recrea­
tional-open space uses or for conservation and wildlife lands. Addi­
tional adjustments in the land base for wet soil development occurs for 
each of these alternatives. The net effect of these adjustments accounts 
for the differences in land available for crop production under each of 
the alternatives (Table 5.9). 
Under the Environmental Corridor Alternative, prime lands are 
affected more than land in other classes. Historically, people have 
concentrated in areas on or adjacent to high quality agricultural land. 
As cities formed and expanded, a relatively high proportion of land used 
for this expansion was taken from the high quality cropland. The trend 
has continued because land preparation and construction costs for homes 
and other buildings are generally lower on the better agricultural lands 
and water resources are generally more plentiful in these areas. 
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Table 5.9. Cropland available in the United States, the North Central 
Region (NCR), and the area outside the NCR under the 
Trend, Environmental Corridor, and Fragile Lands 
Alternatives 
Environmental 
Corridor Fragile lands 
A1 ternative Alternative 
Region and 
soil class 
Trend 
Alternative 
Increase as 
a percentage 
of Trend 
Acreage Alternative 
increase as 
a percentage 
of Trend 
Acreage Alternative 
(thousands of acres) 
United States 396,589 395,901 99.8 384,221 96.9 
North Central 
Reg i on 
1, II 
III, IV 
V-VI11 
Total NCR 
138,582 
75.970 
6.956 
221,508 
138,112 
75.826 
6.950 
220,888 
97.7 
99.8 
99.9 
99.7 
138,655 
73,046 
0 
211,701 
100.1 
96.2 
0 
95.6 
Percentage of 
U.S. 55.9 55.8 55.1 
Outside the NCR 175.081 175,013 100.0 172,520 98.5 
Percentage of 
U.S. 44.1 44.2 44.9 
The Fragile Lands Alternative requires a greater adjustment in the 
available land base than does the Environmental Corridor Alternative. 
All fragile lands are removed from intensive crop production and made 
available for recreational-open space, wildlife, or conservation uses. 
This adjustment accounts for the 100 percent reduction in the availability 
of class V through VI11 lands and partial reduction of class IVe (wind 
erosion) lands (Table 5.9). 
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The cropland utilization patterns with the Environmental Corridor 
Alternative are similar to those of the Trend Alternative (Table 5.10). 
The distribution of cropland used between the North Central Region and 
areas outside the Region remains nearly constant under each alternative. 
The Fragile Lands Alternative differs only slightly from the Trend and 
Environmental Corridor Alternatives in distribution of cropland used. 
Under the Fragile Lands Alternative, 55.3 percent of all cropland used 
is in the North Central Region as compared to 55.8 percent under the 
Trend and the Environmental Corridor Alternatives. 
More than 90 percent of the total cropland available in the United 
States is used under each alternative. In the North Central Region, 
where the land base is further divided into land classes, all prime 
cropland acreages are used under each alternative. The percentage of 
available classes ill and IV lands used under the Environmental Corridor 
Alternative increases slightly from the Trend Alternative level while 
the percentage of available fragile lands used remains unchanged. Under 
the Fragile Lands Alternative the percentage of available classes III and 
IV lands used remains constant and none of the fragile lands are used for 
crop production because of the restrictions imposed for this alternative. 
State and subreqional effects Data from the Environmental 
Corridor Alternative solution suggests that the overall impacts at the 
state level are slightly more pronounced than at the national and 
regional level (Table 5.11). In all states in the Region except three, 
the proportion of cropland used in production under the Environmental 
Corridor Alternative is almost the same as under the Trend Alternative. 
Table 5.10. Cropland used and percentage of cropland used in thie United States, the North 
Central Region (NCR), and the area outside the NCR under the Trend, Environmental 
Corridor, and Fragile Lands Alternatives 
Trend 
Alternative 
Environmental Corridor 
A1 ternative 
Fragile Lands 
Alternative 
Region and 
soil class 
Cropland 
used 
Percentage 
used 
Cropland 
used 
Percentage 
used 
Cropland 
used 
Percentage 
used 
(thousands of acres) 
United States 362,933 91.5 363,190 91.7 361,372 94.1 
North Central 
Reg i on 
1, II 
III, IV 
V-VI II 
Total NCR 
138,581 
63,280 
710 
202,571 
100.0 
83.3 
10.2 
91.4 
138,112 
63,927 
711 
202,750 
100.0 
84.3 
10.2 
91.8 
138,654 
61,036 
0 
199,690 
100.0 
83.3 
0 
94.3 
Percentage of U.S. 55.8 55.8 55.3 
Outside the NCR 160,362 91.6 160,440 91.7 161,682 93.7 
Percentage of U.S. 44.2 44.2 44.7 
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Table 5.11• Percentage of cropland used by land classes in the states 
of the North Central Region under the Trend, Environ­
mental Corridor, and Fragile Lands Alternatives 
Environmental 
State and Trend Corridor Fragile Lands 
land class Alternative Alternative Alternative 
111inois 
I, II 100.0 100.0 100.0 
III, IV 97.9 97.9 99.2 
V-VIII 1.2 1.2 0 
Total 97.8 97.8 99.8 
Indiana 
I, II 100.0 100.0 100.0 
III, IV 93.6 93.6 93.7 
V-VIII 0.9 2.2 0 
Total 97.0 97.0 98.7 
Iowa 
I, II 100.0 100.0 100.0 
III, IV 88.7 88.9 87.5 
V-VIII 0.7 0.7 0 
Total 92.8 92.9 95.5 
Kansas 
I, 11 100.0 100.0 10010 
III, IV 86.7 86.8 82.8 
V-VIII 47.7 47.9 0 
Total 92.5 92.6 92.7 
Michigan 
I, II 100.0 100.0 100.0 
ill, IV 88.9 88.9 88.0 
V-VIII 10.5 10.5 0 
Total 93.3 93.3 95.6 
Minnesota 
I, II 100.0 100.0 100.0 
III, IV 78.5 79.6 80.7 
V-VIII 3.4 3.4 0 
Total 91.7 92.0 94.1 
Table 5.11. (continued) 
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Environmental 
State and Trend Corridor Fragile Lands 
land class Alternative Alternative Alternative 
Missouri 
I, II 100.0 100.0 100.0 
III, IV 85.4 85.9 71.4 
V-VIII 1.0 1.0 0 
Total 85.7 86.0 81.3 
Nebraska 
I, II 100.0 100.0 100.0 
III, IV 58.4 58.3 70.3 
V-VIII 17.8 17.6 0 
Total 79.9 79.9 88.4 
North Dakota 
I, II 100.0 100.0 100.0 
, IV 81.8 86.2 90.0 
V-VIII 4.3 4.3 0 
Total 91.8 92.9 97.3 
Ohio 
I i 100.0 100.0 100.0 
III, IV 99.2 99.2 99.2 
V-VIII 2.2 2.2 0 
Total 98.2 98.2 99.8 
South Dakota 
I, 11 100.0 100.0 100.0 
III, IV 71.8 78.6 79.7 
V-VIII 4.3 4.5 0 
Total 87.9 90.1 93.5 
Wisconsin 
I, II 100.0 100.0 100.0 
III, IV 86.5 86.5 86.0 
V-VIII 2.3 2.1 0 
Total 89.0 89.0 94.3 
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The exceptions are in Minnesota, North Dakota, and South Dakota on 
classes III and IV lands. In Minnesota the proportion of classes III 
and IV land used increases from 78.5 percent under the Trend Alternative 
to 79.6 percent under the Environmental Corridor Alternative. In 
North Dakota the percentage of class III and IV lands used is 81.8 
percent and 86.2 percent under the Trend and Environmental Corridor 
Alternatives, respectively. In South Dakota the difference between 
the Trend and Environmental Corridor Alternatives is more pronounced 
with 71.8 percent and 78.6 percent used under each of these alternatives, 
respectively. This difference is an increase of 6.8 percent in the 
quantity used in South Dakota under the Environmental Corridor Alterna­
tive. 
These increases in cropland used represent shifts in the location 
of production to partially compensate for the withdrawals of additional 
recreational-open space land in the more populous states. Thus, as 
cropland is converted from agricultural use to accomodate urban needs, 
land in other areas away from urban centers is drawn into production to 
maintain the production levels specified in the model to meet national 
and regional demands. 
The Fragile Lands Alternative produces considerably more variation 
In cropland use patterns than does the Environmental Corridor Alternative. 
The variations occur because of differences in the relative advantage of 
each state in the production of the different crops. Changes also occur 
as crop production shifts from one land class to another within a state. 
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As fragile lands previously used in crop production are converted to 
recreational uses, the crops formerly produced on those lands must be 
produced elsewhere. Some of the production shifts to classes III and IV 
lands with the same state and some of the production shifts to other 
states and to the various zones outside the Region. 
In the area outside the North Central Region there is very little 
change in the percentage of available cropland used between the Trend 
and Environmental Corridor Alterne'ives (Table 5.12). However, Zone 3, 
Zone 5, and Zone 7 each experience a significant increase in cropland 
used under the Fragile Lands Alternative. These three zones each 
experience an increase in the quantity of cropland used to partially off­
set the policy restriction on the use of fragile cropland in the Region 
under the Fragile Lands Alternative. 
Acreage and production of malor crops 
National and regional impacts Under the assumptions of the 
Environmental Corridor Alternative approximately 56.6 million acres 
(Table 5.13) are required to produce the 7 billion bushels of corn grain 
(Table 5.14) needed in the year 2000 to meet projected U.S. domestic and 
export needs. This compares to 56.5 million acres needed under the Trend 
Alternative to produce the same output. The difference represents less 
than a 0.1 percent increase over the Trend Alternative level. Though 
small, this increase indicates that the withdrawal of agricultural lands 
for the additional recreational-open space acreages needed for the NRPA 
standards requires corn production to be shifted to land of slightly lower 
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Table 5.12. Percentage of cropland used in the zones of the area out­
side the North Central Region under the Trend, Environ­
mental Corridor and Fragile Lands Alternatives 
Zone 
Trend 
Alternative 
Environmental 
Corridor 
Alternative 
Fragile Lands 
Alternative 
Zone 1 97.4 97.4 97.4 
Zone 2 95.9 96.0 96.5 
Zone 3 73.3 73.1 90.9 
Zone 4 90.0 90.1 90.3 
Zone 5 85.6 85.9 90.3 
Zone 6 100.0 100.0 100.0 
Zone 7 87.1 87.5 91.3 
productivity. This shift occurs because of the tendency for urban areas 
to be developed on the better quality land. Increases in withdrawals of 
land for urban needs will affect the higher quality lands more than the 
less productive lands because of this pattern of development. 
Under the Fragile Lands Alternative slight increases in acreage 
requirements for corn grain occur. The reason is less obvious than for 
the Environmental Corridor Alternative. When the fragile lands are 
removed from agricultural production, hay and small grains previously 
grown on the fragile lands are shifted to higher quality lands. The 
production of hay and small grains becomes more competitive for the 
higher quality land and, interacting with other crops, tends to cause 
Table 5.13. Cropland used for selected crops in the United States, the North Central Region 
(NCR), and the area outside of the NCR under the Trend, Environmental Corridor, 
and Fragile Lands Alternatives 
Region and Corn Sorghum 
alternative Barley grain Oats grain Wheat Soybeans 
(mill ions of acres) 
United States 
Trend 12.9 56.5 11.8 21.4 46.8 87.2 
Env. Corridor 12.9 56.6 11.7 21.4 46.9 87.2 
Fragile Lands 13.1 56.6 11.6 21.4 46.0 87.2 
North Central 
Reg i on 
Trend 4.4 47.4 9.1 5.8 22.4 51.6 
Env, Corridor 4.9 47.3 9.1 5.8 22.7 51.6 
Fragile Lands 4.8 47.3 9.2 5.6 21.6 51.2 
Outside the NCR 
Trend 8.5 9.2 2.6 15.6 24.3 35.6 
Env. Corridor 8.0 9.3 2.6 15.6 24.2 35.6 
Fragile Lands 8.3 9.3 2.4 15.8 24.4 35.9 
Table 5.14. Production of selected crops In the United States, North Central Region (NCR), 
and area outside the NCR under the Trend, Environmental Corridor, and Fragile 
Lands Alternatives 
Region and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(millions of bushels) 
United States 
Trend 684 6,989 787 1,126 1,704 3,485 
Env. Corridor 684 6,989 787 1,126 1,704 3,485 
Fragile Lands 684 6,989 787 1,126 1,704 3,485 
North Central 
Reg i on 
Trend 213 5,997 648 310 815 2,202 
Env. Corridor 235 5,988 649 309 819 2,202 
Fragile Lands 216 5,987 655 307 798 2,190 
Outside the NCR 
Trend 471 992 139 816 889 1,283 
Env. Corridor 4-49 1,001 138 818 884 1,283 
Fragile Lands 469 1,003 131 820 906 1,295 
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some small shifts in corn grain production to less productive rotations 
and lower quality lands. These shifts are very small for both alterna­
tives. 
The impact on soybean and wheat production is slightly more pro­
nounced. Under the Environmental Corridor Alternative 46,000 more acres 
were required for soybean production than under the Trend Alternative. 
An additional 193,000 acres are needed for wheat. These differences are 
still relatively small, however. Under the Fragile Lands Alternative 
soybeans require slightly more land, but wheat requires approximately 
1.6 percent less land to meet projected domestic and export needs. Soy­
bean production remains on approximately the same quality of land as 
under the Trend Alternative while wheat production tends to shift to 
higher yielding land. 
The distribution of corn grain, soybeans, and wheat production 
between the North Central Region and areas outside the Region are rela­
tively constant for the Environmental Corridor and Fragile Lands Alter­
natives. There is essentially no difference in the distribution of corn 
grain production under either of these land use control alternatives. 
Of the total U.S. production of corn grain, approximately 86 percent is 
expected to come from the Region. Under the Environmental Corridor 
Alternative, 48 percent of wheat production comes from the Region, and 
under the Fragile Lands Alternative approximately 4? percent is produced 
in the North Central Region. The reduction in wheat production in the 
Region reflects the withdrawal of significant acreages of land susceptible 
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to wind erosion. This land is used primarily for wheat production under 
the Trend Alternative. Soybean production attributed to the North 
Central Region remains at approximately 63 percent of the total U.S. 
production with each alternative. 
Under the Environmental Corridor Alternative corn production tends 
to shift out of the Region because of the relative advantage of corn 
grain production and its subsequent concentration on prime lands. Prime 
lands represent a high proportion of total cropland in the Region. 
Prime lands are, therefore, affected relatively more than land in other 
classes by the withdrawal of cropland for the additional urban park, 
recreation, and open space needs. Thus, there is a proportionally larger 
impact on corn production resulting in its tendency to shift out of the 
Region under the Environmental Corridor Alternative. 
Corn production tends to shift out of the Region in response to the 
additional withdrawals of land for nonagricultural purposes. Soybean 
and wheat production, in the aggregate, tend to shift into the Region 
because of their relative advantage on the classes III and IV lands. 
More of this land is used under the Environmental Corridor Alternative 
than under the Trend Alternative. 
Under the Fragile Lands Alternative some production of each of these 
three crops shifts out of the Region. Wheat is more directly affected 
than is either corn or soybeans by adjustments in availability of fragile 
lands and because of this, wheat acreage reflects the greatest change. 
Neither the Environmental Corridor Alternative nor the Fragile Lands 
Alternative appreciably changes the quantity of land needed and the re­
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gional distribution of corn grain, soybeans, and wheat production. Pro­
duction shifts of other crops show more variation because the better 
quality land is normally used in the production of corn, soybeans, and 
wheat which are wore profitable and yield a greater return to land. The 
regional distribution of the production of the less profitable crops is, 
therefore, volatile. For example, barley production increases by 10 
percent in the Region and decreases by nearly five percent in areas 
outside the Region under the Environmental Corridor Alternative. 
State and subreqional effects Under the Environmental Corridor 
Alternative the major changes in corn grain acreage and production are 
In Kansas, Minnesota, and Missouri (Tables 5.15 and 5.16). In Kansas 
corn grain production decreases 11 percent while corn grain acreage 
decreases 1.5 percent. Nearly all corn grain produced on the higher 
yielding class I irrigated land under the Trend Alternative shifts 
either to dryland acreage or completely out of the state under the 
Environmental Corridor Alternative. Most of the other states in the 
Region also experience reductions in corn grain production. However, 
Minnesota, Missouri, Nebraska, and Ohio each have increases in production 
of corn grain. Therefore, not all of the corn grain affected by the 
withdrawal of more land for recreational-open space shifts out of the 
Region. Instead, nearly half (10 million bushels) of the affected corn 
grain production is absorbed by other states within the Region. 
The production of soybeans in the Region remains nearly constant 
under the Environmental Corridor Alternative. Within the Region the more 
Table 5.15. Cropland used for selected crops In the states of the North Central Region under 
the Trend, Environmental Corridor, and Fragile Lands Alternatives 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Illinois 
Trend 122 
Env. Corridor 113 
Fragile Lands 29 
Indiana 
Trend 103 
Env. Corridor 102 
Fragile Lands 3 
Iowa 
Trend 26 
Env. Corridor 35 
Fragile Lands 34 
Kansas 
Trend 153 
Env. Corridor 153 
Fragile Lands 1U9 
Michigan 
Trend 326 
Env. Corridor 321 
Fragile Lands 326 
(thousands of acres) 
10,220 
10,193 
10,244 
5,939 
5,919 
5,907 
9,089 
9,076 
9,007 
499 
492 
475 
2,969 
2,941 
2,936 
129 
126 
162 
44 
43 
45 
544 
544 
550 
1,566 
1,564 
1,451 
285 
285 
309 
14 
14 
12 
1,337 
1,332 
1,315 
1,677 
1,674 
1,615 
0 
0 
0 
504 
507 
597 
512 
510 
611 
1,010 
1r009 
983 
5,472 
5,452 
4,577 
723 
714 
722 
11,328 
11,292 
11,273 
5,582 
5,581 
5,650 
11,286 
11,267 
11,296 
2,167 
2,206 
2,045 
1,307 
1,304 
1,331 
Table 5.15. (continued) 
State and Corn 
alternative Barley grain 
Minnesota 
Trend 688 5,763 
Env. Corridor 557 5,823 
Fragile Lands 844 5,959 
Missouri 
Trend 85 1,302 
Env. Corridor 67 1,328 
Fragile Lands 71 1,364 
Nebraska 
Trend 22 1,732 
Env. Corridor 30 1,745 
Fragile Lands 29 1,734 
North Dakota 
Trend 1,255 719 
Env. Corridor 1,493 703 
Fragile Lands 1,324 700 
Ohio 
Trend 0 4,549 
Env. Corridor 0 4,537 
Fragile Lands 0 4,508 
Sorghum 
Oats grain Wheat Soybeans 
(thousands of acres) 
1,053 
1,141 
1,233 
40 
35 
41 
2,257 
2,501 
2,307 
4,640 
4,743 
4,970 
44 
48 
12 
263 
263 
263 
1,768 
1,764 
1,416 
6,332 
6,338 
5,740 
314 
313 
485 
2,232 
2,211 
2,154 
2,302 
2,280 
1,805 
1,558 
1,568 
1,355 
3,017 
2,934 
2,758 
23 
15 
27 
5,745 
5,875 
6,557 
1,001 
1,014 
1,024 
3 
3 
3 
0 
0 
0 
749 
743 
736 
5,033 
4,948 
5,212 
Table 5.15. (continued) 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(thousands of acres) 
South Dakota 
Trend 1,660 ,224 1,330 214 1,194 1,055 
Env. Corridor 2,046 1,221 1,343 196 1,219 1,068 
Fragile Lands 1,987 1,169 1,418 168 1,100 1,084 
Wisconsin 
Trend 4 3,358 808 10 176 269 
Env. Corridor 4 3,330 787 10 170 268 
Fragile Lands 4 3,292 748 5 181 269 
Table 5.16. Production of selected crops in thie states of the North Central Region under the 
Trend, Environmental Corridor, and Fragile Lands Alternatives 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
111inoi s 
Trend 10 
Env. Corridor 9 
Fragile Lands 2 
Indiana 
Trend 9 
Env. Corridor 8 
Fragile Lands 0 
Iowa 
T rend 1 
Env. Corridor 2 
Fragile Lands 2 
Kansas 
Trend 8 
Env, Corridor 8 
Fragile Lands 7 
Michigan 
Trend 24 
Env. Corridor 24 
Fragile Lands 24 
(millions of bushels)' 
1.378 
1,374 
1.379 
783 
780 
779 
1,191 
1,189 
1,181 
49 
43 
42 
350 
347 
347 
10 
10 
14 
3 
3 
3 
49 
49 
49 
72 
72 
69 
24 
24 
26 
0 
0 
0 
68 
68 
67 
87 
87 
84 
0 
0 
0 
24 
24 
29 
24 
24 
30 
38 
38 
37 
188 
187 
163 
36 
36 
36 
516 
514 
513 
255 
254 
257 
498 
497 
500 
91 
92 
83 
60 
60 
61 
"0" indicates that the production rounds to less than 500,000 bushels. 
Table 5.16. (continued) 
State and Corn 
alternative Barley grain 
Minnesota 
Trend 32 686 
Env, Corridor 27 69I 
Fragile Lands 38 705 
Missouri 
Trend 5 135 
Env. Corridor 4 138 
Fragile Lands 4 142 
Nebraska 
Trend 1 224 
Env. Corridor 1 226 
Fragile Lands 2 226 
North Dakota 
Trend 55 64 
Env. Corridor 68 63 
Fragile Lands 56 62 
Ohio 
Trend 0 580 
Env. Corridor 0 582 
Fragile Lands 0 580 
Sorghum 
Oats grain Wheat Soybeans 
(millions of bushels)^ 
86 
94 
102 
2 
2 
3 
77 
82 
77 
279 
182 
190 
4 
4 
1 
12 
12 
12 
73 
73 
61 
245 
245 
225 
17 
17 
26 
128 
126 
127 
73 
72 
60 
66 
67 
58 
216 
209 
197 
1 
1 
2 
198 
200 
225 
40 
40 
41 
0 
0 
0 
0 
0 
0 
32 
37 
36 
206 
203 
214 
Table 5.16. (continued) 
State and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(mill Ions of bushels)^ 
South Dakota 
Trend 68 108 85 11 37 35 
Env. Corridor 83 108 86 11 37 36 
Fragile Lands 81 101 90 11 35 36 
Wi scons in 
Trend 0 451 83 1 9 12 
Env. Corridor 0 447 81 1 9 12 
Fragile Lands 0 442 77 0 9 12 
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populous states lose some soybean production while the others gain 
enough to retain the Region's share of total U.S. production. 
The acreage and production of wheat and other small grains shift 
between the states more than do the acreage and production of either 
corn or soybeans. These crops tend to be grown on land that is marginal 
for the production of corn or soybeans. Hence, wheat and other small 
grains are subject to more erratic shifts in the location of their 
production as corn and soybeans claim varying portions of the marginal 
land, depending on the policy alternative. Because the model establishes 
the least cost resource and production mix, corn or soybeans shift to 
some of the land previously used for small grains, in turn, the small 
grains shift to the remaining lands within the same state or in other 
areas with the greatest comparative advantage. Only minor changes occur 
in the distribution of the major crops among the states in the Region 
under the Environmental Corridor Alternative. The increase in wheat 
production in Minnesota is the most notable exception. Here, classes 
Mi and IV land which is unused under the Trend Alternative, is brought 
into use for wheat production. 
Considerably more shifting in location of crop acreage and production 
occurs between states in the Region under the Fragile Lands Alternative. 
This is expected because more acres are affected in removal of fragile 
lands than under the adjustment for the Environmental Corridor Alterna­
tive. Under the Trend Alternative Kansas and Nebraska use a much larger 
proportion of the fragile lands available than do the other states in 
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the region. Becuase of their greater use of fragile lands, removing the 
fragile lands from crop production has a greater immediate impact on 
Kansas and Nebraska than on the other states. 
The crops grown on fragile land under the Trend Alternative are 
nonlegume hay and oats. Within the model, transport of hay crops is not 
allowed beyond the market region boundries to reflect the limited 
transportability of the forage crops. Therefore, hay must be produced in 
each market region in sufficient quantities to satisfy the livestock 
feed requirements in each region. This requirement may force other crops 
out of the region even if the land is more productive for those crops 
than for hay or roughage. Price changes and the corresponding adjust­
ments in livestock rations tend to reduce this effect, however, and 
should be considered when the results are evaluated. When the fragile 
land in the Region is removed from production, the nonlegume hay and 
oats shift primarily to the land in classes !!! and !V wîthîn each state. 
These shifts, in turn affect the production of wheat, soybeans, and other 
crops. The production of these crops is partially shifted to other 
states because of the restriction on roughage transport. Some of the 
wheat production shifts to Illinois, Indiana, and Minnesota under the 
Fragile Lands Alternative. Most of the wheat production affected, how­
ever, shifts to North Dakota and to areas outside the Region. These 
shifts will, in turn, cause adjustments in other crops within the same 
state and other areas. A chain reaction occurs which continues to adjust 
the location of production of all crops to attain the restrained optimal 
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distribution of crop production. The impacts of the Environmental 
Corridor and Fragile Lands Alternatives on the various subregions outside 
the North Central Region are indicated in Table 5.17 and 5.18. 
Per acre returns to land 
One consequence of converting cropland to nonagricultural uses is 
that the land remaining in production becomes relatively less plentiful 
and, hence, more valuable. On a per acre basis the alternative recrea­
tional-open space policies affect the per acre returns to land differently 
between land classes and between dry and irrigated cropland. Under the 
Environmental Corridor Alternative, the impact on per acre returns to 
dryland are relatively small, showing modest increases for each region 
and land class (Table 5.19). The largest impact occurs in the area 
outside the Region with a 2.2 percent increase. The per acre returns 
to irrigated cropland show greater variation than do the returns to dry 
cropland and the area outside the Region has a larger overall increase 
than do the states of the North Central Region. The increases in per 
acre returns to irrigated cropland reflect an increase in intensity of 
use of these lands from Trend Alternative levels. Within the Region, per 
acre returns to prime irrigated cropland increase by only 1.2 percent 
while the increase in returns to classes III and IV irrigated cropland 
is 8.4 percent. At the same time the per acre return to classes V 
through VIII irrigated cropland decreases by 12 percent under the 
Environmental Corridor Alternative. These seemingly inconsistent changes 
occur because of some shift in the production of several crops to the 
area outside the Region. The respective land classes are affected 
Table 5.17. Cropland used for selected crops in the zones of the area outside the North Central 
Region under the Trend, Environmental Corridor, and Fragile Lands Alternatives 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(thousands of acres) 
Zone 1 
Trend 753 4,276 214 0 755 2,836 
Env, Corridor 758 4,276 214 00 749 2,836 
Fragile Lands 772 4,276 214 0 735 2,836 
Zone 2 
Trend 25 1,820 289 557 2,052 28,685 
Env. Corridor 295 1,822 289 57 2,048 28,669 
Fragile Lands 25 1,820 289 57 2,097 28,772 
Zone 3 
Trend 1,055 741 260 0 474 1,513 
Env. Corridor 1,029 734 260 0 470 1,508 
Fragile Lands 1,682 764 260 0 1,051 1,576 
Zone 4 
Trend 921 690 1.367 15,266 10,997 2,560 
Env. Corridor 921 699 1,349 15,342 10,883 2,601 
Fragile Lands 659 690 1,207 15,517 10,383 2,743 
Zone 5 
Trend 4,031 234 341 71 2,741 0 
Env. Corridor 3,563 300 339 70 2.740 0 
Fragile Lands 3,502 298 301 78 2.493 2 
Table 5.17. (continued) 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(thousands of acres) 
Zone 6 
Trend 518 359 92 0 5,541 0 
Env. Corridor 518 359 92 0 5,540 0 
Fragile Lands 518 359 92 0 5,540 0 
Zone 7 
Trend 1,147 1,063 51 179 1,778 0 
Env. Corridor 1,153 1.063 51 179 1,770 0 
Fragile Lands 1,115 1,063 51 179 2,117 0 
Table 5.18. Production of selected crops In the zones of the area outside the North Central Region 
under the Trend, Environmental Corridor, and Fragile Lands Alternatives 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
Zone 1 
Trend 
Env. Corridor 
Fragile Lands 
Zone 2 
Trend 
Env. Corridor 
Fragile Lands 
Zone 3 
Trend 
Env. Corridor 
Fragile Lands 
Zone 4 
Trend 
Env. Corridor 
Fragile Lands 
Zone 5 
Trend 
Env. Corridor 
Fragile Lands 
!54 
!Î5 
82 
80 
110 
37 
37 
26 
202 
181 
182 
(thousands of acres) 
481 
481 
481 
146 
146 
146 
84 
83 
89 
84 
84 
84 
27 
36 
34 
16 
16 
16 
19 
19 
19 
18 
18 
18 
61 
60 
56 
18 
18 
15 
0 
0 
0 
4 
4 
4 
0 
0 
0 
796 
798 
799 
3 
3 
3 
35 
35 
34 
97 
97 
99 
25 
25 
57 
340 
336 
320 
87 
87 
78 
109 
109 
109 
1,010 
1,009 
1,013 
72 
72 
76 
92 
93 
97 
0 
0 
0 
Table 5.18. (continued) 
Zone and 
alternative Barley 
Corn 
grain Oats 
Sorghum 
grain Wheat Soybeans 
(thousands of acres) 
Zone 6 
Trend 27 48 5 0 211 0 
Env. Corridor 28 48 5 0 212 0 
Fragile Lands 28 48 5 0 212 0 
Zone 7 
Trend 67 122 3 13 94 0 
Env. Corridor 67 122 3 13 94 0 
Fragile Lands 66 122 3 13 106 0 
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Table5.19. Net returns per acre by land class for dry and irrigated 
cropland for the 12 major crops and summer fallow under 
the Environmental Corridor and Fragile Lands Alternatives 
as a percentage of the Trend Alternative in the United 
States, North Central Region (NCR), and the area outside 
of the NCR 
Region and 
Environmental Corridor 
Alternative 
Fragile Lands 
Alternative 
land class Dryland Irri gated Dryland 1rrigated 
(Trend Alternative = 100 percent) 
United States 101.9 103.1 110.0 115.8 
North Central 
Region 
1, II 101.9 101.2 107.6 113.6 
III, IV 101.9 108.4 116.1 101.8 
V-VIII 100.1 88.0 0 0 
Total NCR 101.7 101.6 109.9 112.1 
Outside the NCR 102.2 104.2 111.4 117.5 
differently due to differences in the comparative advantage of the crops 
on each land class. 
Overall, the per acre returns to irrigated land are affected most 
under the Fragile Lands Alternative. Again, the differences noted are 
due to the intensity of the impact on the different land classes within 
the Region, and between the Region and the area outside the Region. 
At the state level, under the Environmental Corridor Alternative, 
changes in the per acre returns for irrigated land follow, to some degree, 
the pattern for the returns to dryland (Table 5.20). The most notable 
differences occur in Nebraska and South Dakota. In Nebraska the per acre 
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Table 5.20. Net returns per acre by land class for dry and irrigated 
cropland for the 12 major crops and summer fallow under 
the Environmental Corridor and Fragile Lands Alternatives 
as a percentage of the Trend Alternative in the states of 
the North Central Region 
Environmental Corridor Fragile Lands 
State and Alternative Alternative 
land class Dryland Irrigated Dryland Irrigated 
111inoi s 
I, II 100.3 104.8 
III, IV 100.3 - 105.1 
V-VIII 0 0 
Total 100.3 - 104.8 
Indiana 
I, II 100.3 104.9 
111, IV 100.7 - 106.8 
V-VIII 0 0 
Total 100.4 - 105.3 
Iowa 
I, II 100.9 100.0 104.6 101.4 
III, IV 100.7 100.0 107.6 102.1 
V-VIII 0 0 0 0 
Total 100.8 99.9 105.5 101.5 
Kansas 
I, II 99.7 99.6 125.8 124.7 
III, IV 99.6 99.6 148.1 160.8 
V-VIII 99.1 99.1 0 0 
Total 99.6 99.7 137.0 127.7 
Michigan 
I, II 101.5 108.0 
III, IV 105.8 - 100.5 
V-VIII 0 0 
Total 102.2 - 102.0 
Minnesota 
I, II 98.6 101.9 
III, IV 97.3 - 101.0 
V-VIII 0 0 
Total 98.2 - 101.4 
®Irrigation is not defined in this state. 
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Table 5.20. (continued) 
Environmental Corridor Fragile Lands 
State and A1 ternative Alternative 
land class Dryland Irrigated Dryland Irrigated 
Missouri 
I, II 100.0 100.0 101.0 101.9 
III, IV 99.4 99.3 121.2 87.6 
V-VIII 0 0 0 0 
Total 99.7 99.7 112.7 98.5 
Nebraska 
I, II 101.2 100.3 119.9 108.6 
III, IV 99.5 101.3 130.5 98.7 
V-VIII 95.6 94.4 0 0 
Total 100.8 100.3 119.4 104.7 
North Dakota 
I, II 111.4 113.8 113.8 108.1 
III, IV 118.3 114.6 139.5 128.7 
V-VIII 0 0 0 0 
Total 112.2 114.9 118.1 111.1 
Ohio 
I, II 100.3 105.1 
III, IV 100.2 - 108.9 
V-VIII 0 0 
Total 100,3 - 106.0 
South Dakota 
I. II 120.8 112.9 122.8 112.6 
IV 119.9 115.1 143.9 123.3 
V-VIII 0 0 0 0 
Total 119.9 113.6 126.8 119.0 
Wisconsin 
I, II 107.3 110.0 -" 
III, IV 105.1 - 105.8 
V-VIII 0 - 0 -
Total 106.7 - 108.9 
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return to prime dryland increases 1.2 percent while the return to prime 
irrigated land increases only 0.3 percent. Per acre returns to 
Nebraska's classes III and IV dryland decrease slightly while returns 
to irrigated classes III and IV lands increase by 1.3 percent from the 
Trend Alternative levels. 
Changes in per acre returns are closely tied to the quantity of 
land available and its relative advantage in use. Because prime dry 
cropland makes up a major portion of total cropland available in 
Nebraska, a large part of the urban withdrawals are removed from this 
land. Under the Environmental Corridor Alternative irrigation becomes 
relatively more profitable and part of the potentially Irrigated land, 
used for dryland crop production under the Trend Alternative, is shifted 
to irrigation. However, even though the absolute return to irrigated 
land is considerably higher in Nebraska than the return to dryland 
under both the Environmental Corridor and the Fragile Lands Alternatives, 
the greatest relative change in per acre returns occurs on dryland. On 
classes 111 and IV lands the relative profitability of dryland decreases 
while that of irrigated land increases under the Environmental Corridor 
Alternative. The result is a very slight decrease in the per acre 
return to dryland and an increase in the per acre return to irrigated 
land. The impact of the Fragile Lands Alternative on returns to classes 
III and IV land is just reversed from the impact of the Environmental 
Corridor Alternative. Per acre net returns to dryland increases by 
30 percent while returns to irrigated land decreases slightly from the 
Trend Alternative level. 
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In South Dakota the shifts in cropping patterns used on the dry and 
irrigated land cause returns to dryland to be affected more than irri­
gated cropland even though returns to both increase substantially. 
In the areas outside the Region Zone 5 and Zone 6 both experience 
substantial increases in returns to dry and irrigated cropland in 
response to the increased conversion of agricultural land in the Region 
under the Environmental Corridor Alternative (Table 5.21). The increased 
returns occur in response to the shifting of some corn production to 
irrigated cropland in Zone 5 and wheat production to dry cropland in 
Zone 6. The production of the other major crops remain very near the 
Trend Alternative levels. 
In summary, under the Environmental Corridor Alternative, per acre 
returns to prime cropland (classes I and II lands) increase in all but 
two states of the Region. Per acre returns to land in classes III and 
IV increased in eight of the 12 states. in ai i of the Region's states 
except Kansas and Nebraska, no per acre returns to fragile lands are 
generated in the model. This occurs because the return to land comes 
from production of one or more of the 12 major crops endogenous to the 
programming model. In all states except Kansas and Nebraska none.of the 
fragile lands are used for the production of the endogenous crops. 
instead, the small acreages used in these states, represent production 
of the exogenous crops (Chapter III) only, under each of the alternatives. 
The impacts of the Environmental Corridor Alternative also includes a 
substantial increase in per acre returns to both dry and irrigated 
cropland in two of the seven zones outside the Region. 
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The impacts of the Fragile Lands Alternative on per acre returns 
to land are quite significant in most states. Returns to prime land 
are generally affected less than are returns to land in classes III and 
IV. Returns to prime land are more stable because of the Region's 
comparative advantage in the production of the more profitable crops 
(corn and soybeans) on the most productive lands. With the withdrawal 
of fragile lands from crop production, all remaining land becomes 
relatively more scarce and per acre returns increase for most of the 
land in the Region. The effect Is greatest on classes III and IV lands 
because the total return per acre increases nearly equally for all lands 
with very little effect on production costs. The absolute dollar 
increase in net returns is a most equal for all lands. This increase 
is added to the return on the classes I 11 and IV lands (that initially 
had much lower returns under the Trend Alternative). Consequently, 
these lands have the higher proportional increase. Again, as shown in 
Table 5.21 the impact is carried over into the areas outside the Region. 
Aggregate net returns to land 
National and regional effects Even with the relatively small 
increase in land withdrawals within the North Central Region for urban 
uses, the aggregate net returns to land from the production of the 12 
major crops increase within the Region (Table 5.22). For the 12 major 
crops combined, the land returns increase 2.0 percent nationally and by 
1-7 percent in the North Central Region. Land is relatively more scarce 
under the Environmental Corridor Alternative in both the North Central 
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Table 5.21. Net returns per acre for dry and irrigated cropland for 
the 12 major crops and summer fallow under the Environ­
mental Corridor and Fragile Lands Alternatives as a 
percentage of the Trend Alternative in the zones of the 
area outside the North Central Region 
Environmental 
Corridor Fragile Lands 
A1 ternati ve Alternative 
Zone Dryland irrigated Dryland Irrigated 
(Trend Alternative =100 percent) 
Zone 1 99.6 _a 108.7 a 
Zone 2 99.8 100.5 108.5 104.3 
Zone 3 99.8 a 90.5 a 
Zone 4 98.7 98.9 119.4 106.7 
Zone 5 128.1 107.9 136.6 122.2 
Zone 6 113.5 110.5 123.5 118.1 
Zone 7 98.2 98.6 102.7 120.3 
^Irrigation is not defined In this zone. 
Region and the area outside the Region. Even though the area outside the 
Region does not have additional land converted to urban uses it has some­
what greater relative gains in land returns. This occurs because crop 
production increases in the area outside the Region to partially offset 
the production lost from land converted to nonagricultural uses in the 
Region. The increased crop production causes aggregate land returns to 
increase in the area outside the Region. The area outside the Region has 
a much smaller share of national land returns than the Region under the 
Trend Alternative. As a result, the relative change (increase) in land 
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Table 5.22. Returns to cropland used in the production of the 12 
major crops® and summer fallow in the United States, North 
Central Region (NCR), and area outside the NCR under the 
Trend, Environmental Corridor, and Fragile Lands Alterna­
tives 
Envi ronmental 
Corridor 
A1ternative 
Fragile Lands 
A1ternative 
Trend ^ 
Region Alternative Va 1 ue*^ 
Increase as 
a percentage 
of Trend 
A1ternative Va 1 ue*^ 
Increase as 
a percentage 
of Trend 
Alternative 
United States 7,138 7,283 2.0 7,851 10.0 
North Central 
Region 5,177 5,264 1.7 5,617 8.5 
Percentage of 
U.S. 72.5 72.3 71.5 
Outside the NCR 1,961 2,019 3.0 2,234 13.9 
Percentage of 
U.S. 27.5 27.7 28.5 
®ln this and all subsequent tables of this chapter, the 12 major 
crops are barley, corn grain, corn silage, cotton, legume hay, non-
legume hay, oats, sorghum grain, sorghum silage, soybeans, sugar beets, 
and wheat. 
^Millions of 1972 dollars. 
returns is greater than in the Region even though the absolute increase 
is largest for the Region. The national distribution of returns to land 
is not changed significantly, however, as more than 72 percent of the 
national returns to land is allocated to the Region under the Environ­
mental Corridor Alternative. 
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Returns to land change more dramatically under the Fragile Lands 
Alternative than under the Environmental Corridor Alternative from the 
Trend Alternative levels. Again, an important impact of removing the 
fragile lands from crop production in the Region is the notable increase 
in total returns to land in areas outside the Region. Most of the in­
crease is attributed to the shifts in cropland acres used for crop 
production to these areas. The total cropland base used in crop produc­
tion in the areas outside the Region increases by 1.3 million acres 
from the Trend Alternative levels (Table 5.10). The prices of commodities 
increase which in turn raises the net returns in both the Region and 
the zones outside the Region, giving a higher per acre return to land 
in many areas of the nation. The impact of the increase in commodity 
prices interacts with the increase in acres utilized. The Region reduces 
acres used by only 2.8 million acres because of the removal of the 
lower-yielding fragile lands while the rest of the nation increases use 
by 1.3 million acres. Thus, in the North Central Region aggregate net 
returns increase primarily because of the higher net return per acre 
resulting from the commodity price changes. In the rest of the nation 
aggregate net returns are increased because of both the price effect and 
the increased acreage used. 
State and subreqional effects Under the Environmental Corridor 
and Fragile Lands Alternatives, the impact on returns to land for the 12 
major crops varies between states and zones (Table 5.23 and 5.24). 
Under the Fragile Lands Alternative, Kansas and Nebraska each experience 
some increase in their proportionate share of total returns to land 
Table 5.23. Returns to cropland used in the production of the 12 major crops® and summer 
fallow in the states of the North Central Region (NCR) under the Trend, 
Environmental Corridor, and Fragile Lands Alternatives 
Region and 
state 
Trend 
AI ternatlve® 
Envlronmental 
Corridor 
AIternatlve 
Increase as 
a percentage 
of Trend 
Value® Alternative 
Fragile Lands 
AIternatlve 
Increase as 
a percentage 
of Trend 
Value® Alternative 
North Central 
Region 5,176,670 5,263,565 1.7 5,616,513 8.5 
Illinois 996,464 996,430 0.0 1,051,247 5.5 
% of NCR 19.2 18.9 18.7 
Indiana 522,240 522,286 0.0 552,403 5.8 
% of NCR 10.1 9.9 9.8 
Iowa 868,647 875,355 0.8 912,630 5.1 
% of NCR 16.8 16.6 16.2 
Kansas 512,896 511,208 -0.3 626,238 22.1 
% of NCR 9.9 9.7 11.1 
Michigan 183,499 185,657 1.2 183,671 0.1 
% of NCR 3.5 3.5 3.3 
^Thousands of 1972 dollars. 
Table 5.23. (continued) 
Environmental 
Corridor 
A1ternative 
Fragile Lands 
Alternative 
Region and 
state 
Trend 
AI ternatlve® Value 
Increase as 
a percentage 
of Trend 
® Alternative Value 
Increase as 
a percentage 
of Trend 
® Alternative 
Minnesota 
% of NCR 
472,335 
9.1 
460,514 
8.7 
-2.5 480,924 
8.6 
1.8 
MIssouri 
% of NCR 
248,639 
4.8 
248,049 
4.7 
-0.2 250,958 
4.5 
0.9 
Nebraska 
% of NCR 
299,054 
5.8 
300,879 
5.7 
0.6 333,855 
5.9 
11.6 
North Dakota 
% of NCR 
219,386 
4.2 
250,676 
4.8 
14.3 272,018 
4.8 
24.0 
Ohio 
% of NCR 
409,481 
7.9 
408,186 
7.8 
-0.3 440,185 
7.8 
7.5 
South Dakota 
% of NCR 
213,420 
4.1 
259,297 
4.9 
21.5 261,887 
4.7 
22.7 
Wi scons In 
% of NCR 
230,617 
4.5 
245,028 
4.7 
6.2 250,506 
4.5 
8.6 
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while other states experience some decline. Also, in the areas outside 
the Region each of the zones experience significant increases. Under 
the Environmental Corridor Alternative, total returns to land for the 
majority of the states in the Region remain quite close to the Trend 
Alternative levels. The main exceptions are Minnesota, North Dakota, 
South Dakota, and Wisconsin. Minneaata_^s a decrease from the Trend 
Alternative of 2.5 percent while North Dakota, South Dakota, and 
Wisconsin experience increases in total returns to land of 14 percent, 
21 percent, and 6 percent, respectively, under the Environmental 
Corridor Alternative. North Dakota and South Dakota are recipients of 
the largest relative increases in total returns to land, however. 
Zone 5 and Zone 6 show comparable gains in aggregate net returns to 
land. As land is withdrawn from cropland for the Environmental 
Corridor Alternative in the Region, the lost production is shifted to 
less productive land, thus requiring more land to satisfy the commodity 
demands. The larger acreage used and the higher net returns per acre 
combine to increase the aggregate net land return in these states and 
zones. 
Returns to labor 
Returns to labor under the Environmental Corridor Alternative, do 
not differ significantly from the Trend Alternative levels. There is 
only a 0.3 percent increase in labor returns nationally. This is 
made up of a 0.1 percent reduction in the North Central Region and a 
0.7 percent increase in returns to labor for areas outside the region 
Table 5.24. Returns to cropland used In the production of the 12 major crops and summer 
fallow In the zones of the area outside the North Central Region (NCR) under the 
Trend, Environmental Corridor, and Fragile Lands Alternatives 
Envlronmental 
Corridor Fragile Lands 
Alternative AI ternative 
Increase as Increase as 
a percentage a percentage 
Region and 
zone 
Trend 
Alternative Va1ue^ 
of Trend 
Alternative Valued 
of Trend 
Alternative 
Outside the NCR 1,961,322 2,019,243 3.0 2,233,552 13.9 
Zone 1 212,111 211,156 -0.5 230,759 8.9 
% of total 10.8 10.5 10.3 
Zone 2 838,347 836,640 -0.2 909.455 8.5 
% of total 42.7 41.4 40.7 
Zone 3 89,685 89,005 -0.8 92,642 3.3 
% of total 4.6 4.4 4.1 
Zone 4 324,976 321,301 -1.1 379.317 16.7 
% of total 16.6 15.9 17.0 
-
Zone 5 219,123 263,510 20.3 287,322 31.1 
% of total 11.2 13.0 12.9 
Zone 6 178,191 199,705 12.1 215,581 21.0 
% of total 9.1 9.9 9.7 
Zone 7 98,890 97,928 -1.0 118,476 19.8 
7o of total 5.0 4.8 5.3 
^Thousands of 1972 dollars. 
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Table 5.25. Returns to labor used in the production of the 12 major 
crops® and summer fallow in the United States, North 
Central Region (NCR) and area outside the NCR under the 
Trend, Environmental Corridor, and Fragile Lands Alterna­
tives 
Environmental 
Corridor Fragile Lands 
A1 ternative Alternative 
Reg i on 
Trend ^ 
A1 ternative Va1ue^ 
Increase as 
a percentage 
of Trend 
Alternative Value^ 
Increase as 
a percentage 
of Trend 
A1ternative 
United States 2,306 2,313 0.3 2,316 0.5 
North Central 
Region 1,170 1,168 -0.1 1,154 -1.3 
Percentage of 
U.S. 50.7 50.5 49.8 
Outside the NCR 1,136 1,145 0.7 1,162 2.3 
Percentage of 
U.S. 49.3 49.5 50.2 
®Miliions of 1972 dollars. 
over the Trend Alternative levels (Table 5.25). Under the Fragile Lands 
Alternative the total returns to labor at the national level are $10 
million greater than for the Trend Alternative. This represents only a 
0.5 percent increase over the Trend Alternative. The distribution of 
returns to labor between the Region and areas outside the Region changes 
slightly from the Trend Alternative, however. The Fragile Lands 
Alternative has a more severe impact on both the North Central Region 
and areas outside the Region than does the Environmental Corridor 
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Alternative. With both alternatives total returns to labor decrease 
in the Region and increase in areas outside the Region when compared 
to the Trend Alternative levels. 
The state level distribution of returns to labor is nearly the 
same under the Environmental Corridor Alternative and the Trend 
Alternative (Table 5.26). The more distinct differences in the Fragile 
Lands Alternative follows the cropland utilization patterns quite 
closely (Table 5.10). 
Farm level prices and consumer impacts 
Table 5.27 indicates the impact of the Environmental Corridor and 
Fragile Lands Alternatives on farm-level commodity prices. In an 
earlier section the relative stability of corn and soybean production 
in the Region was discussed. This same stability can be seen in the 
farm-level commodity prices. Under both the Environmental Corridor 
and Fragile Lands Alternatives the commodity prices for small grains 
show greater variations from the Trend Alternative levels than do those 
for corn grain and soybeans. 
The price of barley under the Environmental Corridor Alternative, 
is affected the most with an increase of 3 percent at the national ievei. 
Under the Fragile Lands Alternative, wheat and barley prices increase 
more than other commodity prices with 5.3 percent and 5.0 percent 
increases, respectively. This larger impact on the prices of these crops 
reflects their susceptibility to the restriction on the use of the class 
IVe lands with severe wind erosion potential located in the western part 
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Table 5 26. Returns to labor used in the production of the 12 major 
crops® and summer fallow in the states of the North 
Central Region (NCR) under the Environmental Corridor 
and Fragile Lands Alternatives 
Envi ronmental 
Corridor 
Alternative 
Fragile Lands 
Alternative 
Region and 
state Value® 
Increase as 
a percentage 
of Trend 
Alternative Value® 
increase as 
a percentage 
of Trend 
Alternative 
North Central 
Region 1,167,857 -0.1 1,154,388 -1.3 
111inoi s 
% of NCR 
121,709 
10.4 
-0.3 122,548 
10.6 
0.4 
Indiana 
% of NCR 
72,273 
6.2 
-0.5 72,741 
6.3 
0.2 
Iowa 
% of NCR 
126,050 
10.8 
-0.2 126,124 
10.9 
-0.1 
Kansas 
% of NCR 
192,153 
16.5 
0.0 181,778 
15.7 
-5.4 
ri i ch i gan 
7o of NCR 
73,702 
6.3 
-0.8 73,487 
6.4 
-1.1 
Minnesota 
7o of NCR 
122,423 
10.5 
-1.0 123,438 
10.7 
-0.2 
Missouri 
% of NCR 
79,393 
6.8 
0.1 72,743 
6.3 
-8.3 
Nebraska 
% of NCR 
99,417 
8.5 
0.2 99,389 
8.6 
0.2 
North Dakota 
% of NCR 
69,233 
5.9 
1.7 69,177 
6.0 
1.6 
Ohio 
% of NCR 
86,356 
7.4 
-1.3 87,610 
7.6 
0.1 
^Thousands of 1972 dollars. 
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Table 5.26. (continued) 
Environmental 
Corridor Fragile Lands 
Alternative Alternative 
Increase as Increase as 
a percentage a percentage 
Region and of Trend of Trend 
state Value^ Alternative Value® A1ternative 
South Dakota 63,292 1.7 62,848 1.0 
% of NCR 5.4 5.4 
Wi scons in 61,856 -0.3 62,506 0.8 
% of NCR 5.3 5.4 
of the Region. Within the North Central Region the price of oats is 
affected significantly under both alternatives for the same reason. In 
areas outside the Region barley prices are affected more than are the 
prices of the other crops. 
Corn and soybean prices remain relatively stable under each of these 
alternatives. This tends td confirm the contention that corn and soybean 
production become concentrated on the highest quality lands because of 
the greater profitability of these crops on lands suitable for their 
production. The other crops are grown on the more marginal lands where 
changes in the configuration of the land base effects returns to land 
and subsequently commodity prices more noticeably than for corn and 
soybeans. In areas outside the Region these same tendencies are noted 
with only minor exceptions. 
Table 5.27. Commodity prices under the Environmental Corridor and Fragile Lands Alternatives 
as a percentage of the Trend Alternative for the United States, the North 
Central Region (NCR), and the area outside the NCR 
Region and Corn Sorghum 
alternative Barley grain Oats grain Wheat Soybeans 
(Trend Alternative = 100 percent) 
United States 
Env. Corridor 103 100 101 99 101 100 
Fragile Lands 105 101 104 101 105 103 
North Central 
Reg 1on 
Env, Corridor 100 100 101 100 101 100 
Fragile Lands 105 101 107 105 108 103 
Outside the NCR 
Env. Corridor 105 100 101 100 101 100 
Fragile Lands 106 101 104 101 105 102 
235 
Under the Environmental Corridor Alternative the potential consumer 
impacts indicate that the per capita cost or the value of commodities 
needed for consumption increases 0.4 percent nationally. For the North 
Central Region the per capita cost decreases 0.5 percent while areas 
outside the Region increase by 1.8 percent in the per capita cost of 
commodities consumed. 
The per capita value of commodities consumed under the Fragile 
Lands Alternative increases 2.6 percent from the Trend Alternative level 
for the United States. It increases 1.1 percent in the North Central 
Region and 3.0 percent in areas outside the Region. Thus, in terms of 
consumer impacts, each of these policies can be expected to increase 
consumer food costs slightly. The amount of the increase, however, 
is uncertain but depends largely on how processing and retailing margins 
are calculated. 
Summary and Conclusions 
The major objectives of this chapter were to (1) determine the 
present status in terms of availability and adequacy of recreational 
lands of large cities in the North Central Region; (2) estimate the 
quantity of additional land needed for recreational and open space 
purposes in the North Centrai Region; (3) review approaches to providing 
more land for these uses; and (4) examine the impacts on agriculture of 
implementing these approaches. 
A survey of 32 North Central Region cities revealed that in a 
majority of the cities facilities are inadequate and that more land is 
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needed for recreational-open space. However, the problem cited as the 
most pressing at the present time is the need for more neighborhood parks 
within cities. In many cases city parks presently in existence are not 
located properly to meet the needs of the majority of potential users. 
Because of the nature and scope of this study, it was not possible to 
investigate this problem directly. The inadequacy of parks and recrea­
tional areas within the central cities can only be resolved by transfer­
ring part of the land presently idle or land being used for commercial, 
industrial, and residential purposes to recreational-open space uses. 
Much of the expected future urban development will occur on land 
which is being used for agricultural purposes. Because of the higher 
incomes and standard of living of most Americans, unless tastes and 
preferences change, more land will be needed for recreation and open 
space purposes. Estimates are made of the amount of additional land 
needed for recreation and open space purposes. Two alternative ways of 
providing this additional land for North Central Region cities were 
examined. 
In an effort to estimate the quantity of additional land needed to 
minimize the problems of urban congestion in the North Central Region, 
the recommendation of the National Recreation and Park Association (NRPA) 
was adopted. Their recommendation is that 25 percent of all new land 
converted to urban uses be developed as parks, recreation areas, and 
planned open space. By incorporating this standard into the projected 
urban land withdrawals it is estimated that some 513,000 acres will be 
needed over and above the Trend Alternative levels to attain the NRPA 
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standards for recreation and open space lands. 
The Environmental Corridor Alternative was designed to investigate 
the impacts on agriculture of incorporating these additional land needs 
into the per capita land requirement for all future developments up to 
the year 2000. In addition, the Fragile Lands Alternative is reinter­
preted to determine if a policy to preserve fragile agricultural lands 
could be combined with an open space program making these lands available 
for recreational-open space purposes. 
The analysis suggests that the impact of adopting a policy to 
provide more recreational-open space lands for urban areas would be 
small at the national and regional levels. Under both the Environmental 
Corridor and Fragile Lands Alternatives the policies are implemented in 
the North Central Region only. Much of the impact of each policy is 
absorbed within the Region. However, some spillover of impacts into 
areas outside the Region does occur. The acreages involved in these 
spillovers are generally not large, but the impact on returns to land 
is significant in many cases. The analysis indicates that the United 
States has considerable capacity to absorb additional land needs for 
urban purposes. Of course, the impacts of these and similar policies 
would be very significant at the local level. There is a substantial 
amount of agricultural land within most SMSA counties. However, the 
impacts of the policies considered here would largely be concentrated in 
areas adjacent to existing cities where urban congestion and urban-rural 
conflicts are already serious. 
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The results of the Fragile Lands Alternative solution suggest that 
by itself, this policy would likely not provide enough recreational-
open space land in the areas where it is most needed. This policy can 
help relieve the problems of urban congestion to some extent, however. 
To be effective, fragile lands must exist in relatively concentrated 
areas adjacent to or near the large urban centers. 
Under the Fragile Lands policy the impacts on agriculture and per 
capita food costs are considerably greater than those of the Environ­
mental Corridor Alternative. So, unless such a policy can be formulated 
as a joint objective with efforts to conserve fragile lands, the Fragile 
Lands policy likely would not be as effective in providing additional 
lands for recreational-open space needs as the Environmental Corridor 
A1ternative. 
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CHAPTER VI. SUMMARY, CONCLUSIONS 
AND POLICY IMPLICATIONS 
In this chapter the results analyzed in the previous chapters are 
summarized and the potential impact of each alternative future on the 
agricultural sector is evaluated. Major emphasis is placed on the 
future use of cropland in the twelve North Central Region states. 
The major objectives of the study are: (1) to determine the 
potential impacts of continued population growth in the North Central 
Region and the nation as they relate to the use of agricultural lands 
for agricultural and nonagricultural purposes; (2) to assess the impacts 
and implications of selected alternative land use policies designed to 
preserve agricultural lands in uses for which the lands are best suited; 
and (3) to develop a large scale programming model which can deal with 
these land use policy issues at a regional and national level. 
In line with these objectives the results show that the model used 
is an adequate tool in studying the impacts of the various alternatives 
in terms of the many interrelationships between commodity demands, 
production technologies, and available resources. The results forth­
coming from each solution (reported on a national, regional, state,, and 
subregional basis) provide a great deal of information about the optimal 
use of land and other resources, and about the economic returns to 
resources used. 
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Land Use Adjustment and 
Allocation Procedure 
One important phase of this study involves the projection of future 
nonagricultural needs for lands presently used for agricultural produc­
tion. The land use adjustment and allocation procedure was developed 
to project future urban land needs to the year 2000. The procedure 
combines estimates of future land needs for other nonagricultural 
purposes (provided by the U.S. Department of Agriculture) with the urban 
needs to obtain an estimate of the total agricultural land converted to 
nonagricultural purposes by the year 2000. These additional land needs 
include land for transportation, recreation and wildlife preserves, 
recreational homes, surface mining, and reservoir construction up to 
the year 2000. The final phase of the procedure involves the allocation 
of these projected withdrawals among the several agricultural land 
use groups (e.g. cropland, hay, pasture, range, forest, and other lands) 
defined in the Conservation Needs Inventory. 
Urban land needs are based on the I960 and 1970 census of population 
and urban place land area data. These data are combined with Bureau of 
Census projections of future population (262.4 million in the year 2000) 
in the United States to project future per capita and total urban land 
needs in each of the 105 producing areas. The mathematical explanation 
and specification of the land use adjustment and allocation procedure 
along with the important assumptions upon which it is based are given 
in Appendix A. 
The estimated land withdrawals for the 48 contiguous states amount 
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to 14^3 million acres for urban purposes and an additional 16.8 million 
acres for other nonagricultural purposes resulting in a combined acreage 
of slightly over 31.1 million acres (Table A.3). This represents the 
estimated total withdrawals of agricultural lands for nonagricultural 
uses from 1967 up to the year 2000. In allocating these withdrawals 
among the several CNI agricultural land use groups an estimated 12.9 
million acres will be converted from cropland in the United States^ 
(Table 3.2). This represents 3.2 percent of total cropland available in 
the United States. The 12 North Central Region states are expected to 
have 5.9 million acres of cropland converted and from the areas outside 
the Region 6.9 million acres of cropland is expected to be converted. 
Summary of Land Use 
Alternatives 
In this section of the chapter each alternative future analyzed is 
briefly summarized in terms of the national and regional impacts. The 
policy alternatives considered include the Trend, Prime Lands, Fragile 
Lands, Prime-Fragile, and Environmental Corridor Alternatives. The 
Trend Alternative simulates a continuation of present land use policies 
and Trends up to the year 2000 and provides the base for comparing the 
impacts of the other alternatives. The Prime Lands, Fragile Lands, and 
Prime-Fragile Alternatives are called the Land Preservation Alternatives. 
The Land Preservation Alternatives simulate alternative land use policies 
designed to control the allocation of cropland to the uses for which the 
land has the greatest comparative advantage from societies point of view. 
^The study considers only the 48 contiguous states. 
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The Environmental Corridor Alternative simulates a policy designed to 
increase the conversion of agricultural lands to provide increased 
acreages for recreational-open space uses in and adjacent to urban areas. 
In addition, the Fragile Lands Alternative is reinterpreted as an 
alternative policy to provide the additional recreational-open space 
lands. Each of these alternatives is represented in the model by a 
unique modification to the land base. In each case the policy control 
variable (land base configuration) is modified only in producing areas 
(Figure 2.6) containing the North Central Region. This simulates the 
imposition of land use policies at the regional level for the 12 North 
Central Region states. 
Trend Alternative 
The results of the Trend Alternative (Chapter III) are compared with 
1972-74 averages and are also used as a point of reference when discuss­
ing the results of subsequent alternative land use policies. In addition 
the results of the Trend Alternative provide important information needed 
in assessing the impacts on the agricultural sector of increased popula­
tion and the projected withdrawals of agricultural land for nonagricul-
tural purposes to the year 2000. In brief, the results show that given 
the trend increases in per capita consumption, land conversion, exports, 
and yields the nation's land and water resources are in adequate supply 
to produce the projected food and fiber demands by the year 2000. The 
basis for this conclusion is summarized as follows. 
Under the Trend Alternative the total land resource base available 
is estimated at 1.4 billion acres of agricultural land. Of this amount. 
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approximately 400 million acres are available for cropland. After 
adjusting the land base for wet soil and irrigation development» non-
agricultural land conversion, and exogenous crop requirements, slightly 
under 364 million acres of cropland remain available for the 12 endogen­
ous crops and summer fallow at the national level. Of the remaining 364 
million acres nearly 210 million are available in the 12 North Central 
Region states and 154 million are available in the area outside the 
Region for the production of the endogenous crops. In addition, this 
predetermined land base can be supplemented by the drainage and clearing 
of pasture and forest lands with wet soil conditions. This endogenous!y 
determined wet soil development process is defined in the model only in 
the central and eastern producing areas. 
A total of 340 million acres of cropland are used across the nation 
for the 12 endogenous crops and summer fallow for the year 2000 under the 
Trend Alternative (Table 3.4). Slightly over 8 million acres of the 
total 340 million acres of cropland used came from wet soil development. 
This is compared to the 1972-74 annual average of 309 million acres 
planted to the 12 major crops. In the North Central Region 196 million 
acres are used for the endogenous crops in the year 2000 which represents 
57.6 percent of the total cropland used for these crops in the nation. 
All of the most productive prime cropland (land in the CNI capability 
classes I and II) is used, while 83 percent of the available cropland in 
capability classes III and IV and only 10 percent of the classes V 
through VIII (fragile) cropland is used for endogenous crop production. 
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In the North Central Region, cropland used for all crops (endogenous 
and exogenous) amounted to 91.4 percent of the total cropland available 
in the Region. 
Subtracting the quantity of land used in the United States for the 
endogenous crops (340 million acres) and for the exogenous crops (23 
million acres) from the available cropland base leaves a balance of 
approximately 33.6 million acres of cropland unused by the model in 
producing the nation's crop commodities. The unused cropland is land 
that has either lower productivity, higher production costs, or is 
located so that it is less profitable for crop production, because of 
transportation costs, than the lands used. This provides some indication 
of the excess supply capacity for crop production in the nation's agri­
cultural sector. However, due to productivity differences the lands 
remaining unused cannot be expected to substitute on a one-to-one basis 
for the more productive land. 
Nationally, nearly 7 billion bushels of corn was produced on 56.5 
million acres for an average national corn yield of 123.6 bushels per 
acre under the Trend Alternative (Table 3.7). "This yield represents a 
44 percent increase from the 1972-74 average yield. In the North Central 
Region the total cropland devoted to corn grain production is 47.3 
million acres under the Trend Alternative representing a decline in 
acreage of approximately 3.6 million acres from the 1972-74 average for 
the Region. However, the average yield is up by 43 percent to 126.6 
bushels per acre from the 1972-74 average so that the total corn produc­
tion in the Region is nearly 6 billion bushels or approximately 1.5 
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billion higher in the year 2000 than the 1972-74 average. 
Soybean production increased by nearly 158 percent from the 1972-74 
average at the national level to meet the expanded domestic and foreign 
demand projected for the year 2000. This required an additional 34.8 
million acres of cropland and a 55 percent increase in soybean yields. 
The North Central Region's share of the additional soybean production 
required nearly 17 million more acres of cropland than used in the 1972-
74 average. This increase in cropland needed for soybean production, 
at the national and regional levels, represents one of the most signifi­
cant results of the Trend Alternative. 
The other major crops also experience some additional production at 
the national level to meet the projected demand for the respective 
commodities in the year 2000. Barley production increases by 78 percent, 
sorghum grain by 43 percent, oats by 19 percent, and wheat by only one 
percent from the 1972-74 average levels. The North Central Region 
maintains its relative share of national production of most of the crops 
except sorghum grain and wheat, both of which tend to shift out of the 
Region in response to the increased corn and soybean production in the 
Region. 
If trend conditions prevail between the mid-1970s and the year 2000, 
yield increases of 25 to 30 percent are expected on most land for most 
of the crops. However, regional shifts and continued specialization 
may tend to increase yields even more than the 25 to 30 percent as the 
cropland in each area becomes increasingly committed to the production 
of crops for which it is best suited. This assumes, of course, that 
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disease and pest control can be maintained. Concentration of production 
does increase the risk of widespread crop failure and society must 
consider this risk in formulating future land use policies. 
Resource returns can be evaluated to determine the impacts of this 
and subsequent policies on the resource sector. However, the resource 
returns determined in the model are not directly comparable to present 
expenditures or returns. The total aggregate net returns to cropland 
used in the production of the endogenous crops in the United States 
amount to slighly over 7.1 billion dollars (Table 3.15). This aggregate 
net return is a measure of the economic rent accruing to cropland used in 
the production of the 12 major crops and summer fallow under the Trend 
Alternative in the year 2000. The Region is expected to receive 72,5 
percent of total land returns while the area outside the Region will 
receive approximately 27.5 percent. The Region's share of labor expendi­
tures for crop production is 1,1/0 million dollars or 50.7 percent of 
national labor expenditures for production of the 12 major crops. The 
returns to land and labor under the Trend Alternative provides a useful 
point of reference in measuring the potential impact of the alternative 
policies. 
The overall results of the Trend Alternative indicate that the 
agricultural sector of the United States has adequate flexibility to 
adjust to continued withdrawals of agricultural land for nonagricultural 
purposes up to the year 2000. This adjustment can be accomplished and 
at the same time maintain an adequate supply capacity to meet the 
domestic and foreign demand for the major commodities, exogenous and 
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endogenous, at the levels specified under the Trend Alternative. The 
land required to produce the major commodities under the Trend Alterna­
tive is 33.6 million acres less than the total cropland acreage 
available. This excess capacity together with the potential for signifi­
cant amounts of additional wet soils and irrigation in many areas 
support the conclusion that the projected demands for U.S. agricultural 
commodities can be met in the year 2000. 
Prime Lands Alternative 
In recent years concern has frequently been expressed regarding the 
conversion of high quality "prime" cropland into nonagricultural uses. 
The Prime Lands Alternative analyzes the impacts of prohibiting the con­
version of prime agricultural land to urban and other nonagricultural 
uses in the North Central Region (Chapter IV). In effect, this policy 
simulates the retention of all prime, lands in agricultural uses. This 
policy is of particular Importance to the North Central Region where 
more than 6l percent of all cropland is in the prime category. There 
are nearly 212 million acres of prime cropland in the United States and 
approximately 136 million acres of this prime cropland is in the 12 
North Central Region states. With the addition of land developed through 
irrigation and wet soil development between 1967 and 1974 the prime 
cropland acreage is increased to slightly over 137 million acres. 
Under the Trend Alternative an estimated 9-3 million acres of crop­
land is expected to be lost to urban and other nonagricultural uses by 
the year 2000. Of the 9-3 million acres, 3.8 million are in the prime 
land category. Therefore, the initial impact of the prime land retention 
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policy is to increase the availability of the generally more productive 
prime cropland by redistributing the projected nonagricultural land 
withdrawals to the less productive land in classes 111 through VIII and 
thereby retain all prime lands in agricultural uses. Because of the 
productivity differences between prime cropland and cropland in the 
other capability classes, the supply capacity of the agricultural sector 
is increased under the Prime Lands Alternative. This makes land 
relatively less scarce in the Region and throughout the nation than 
under the Trend Alternative. With the increased availability of the 
higher quality land, since output is held constant in this analysis, the 
commodity prices decrease and thereby reduce the land returns component 
of net farm income. The aggregate net return to land (land rent) 
declines by 9.2 percent in the Region and by 12.5 percent in the area 
outside the Region. 
in summary, under the Prime Lands Alternative the redistribution of 
the projected nonagricultural land withdrawals modified the configuration 
of the land base so that the total supply capacity of the agricultural 
sector is increased. The major impact of this increase is a depressing 
effect on commodity prices and land returns. The consumers will benefit 
from the reduction in agricultural commodity prices to the extent that 
the price reduction is passed through the marketing system. However, the 
net farm income (net return to resources used) for producers and land 
owners will likely not be as high as would occur under the Trend Alterna­
tive. 
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Fragile Lands Alternative 
The Fragile Lands Alternative simulates a policy to conserve land 
that is highly susceptible to erosion or other forms of deterioration 
from continued use in crop production. This alternative removes those 
lands from intensive agricultural use whose future productivity for any 
use may be seriously affected if intensive cultivation continues. 
Fragile lands are defined to include land with severe wind erosion 
potential in the CNI land capability class IVe and all acreages in 
classes V through VIM (Chapter IV). Even though these lands are 
generally considered unsuitable for cultivation, historically they have 
been used for agricultural production as indicated by their classifica­
tion in the Conservation Needs Inventory. The use of these lands is 
restricted to well managed pasture and wildlife areas. The total crop­
land available for the endogenous and exogenous crops decreases to 384.2 
million acres under the Fragile Lands Alternative from 396.6 million 
acres nationally under the Trend Alternative (Table 4.7). 
Under the Fragile Lands Alternative the cropland base is affected 
by a redistribution of projected nonagricultural land withdrawals. The 
largest initial impact of the policy, however, is the exclusion of 
approximately 7 million acres of fragile lands from crop production. 
Because only 10 percent of the fragile land acreage is used under the 
Trend Alternative the Fragile Lands Alternative was less restrictive 
than expected. However, the aggregate net returns to land increased 
significantly from the Trend Alternative levels as cropland became 
relatively more scarce under the Fragile Land Alternative (Table 4.20). 
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The aggregate net returns to cropland used Increased 10 percent 
nationally, 8.5 percent for the Region, and 13.9 percent for the area 
outside the Region. These changes from the Trend Alternative levels 
are nearly the same in magnitude as the change in land returns under 
the Prime Lands Alternative but are in the opposite direction. The 
commodity prices also increase between one and seven percent and the 
farm-level per capita food costs increase by about three percent. 
As is the case with the Prime Lands Alternative the Fragile Lands 
Alternative modifies the configuration of the land base to direct the 
land to a use with the greatest comparative advantage from societies 
point of view. In this case, however, the modification reduces the 
overall supply capacity for agricultural production in the Region and 
nationally. Because of the reduced supply capacity farmers and land 
owners will tend to benefit from increases in commodity prices and land 
returns while consumers will have higher prices to pay for their food 
and fiber than under the Trend Alternative. 
Prime-Fragile Alternative 
The Prime-Fragile Alternative simulates an alternative future that 
has elements of both the prime lands retention policy and the fragile 
lands conservation policy. The results indicate that the impacts of this 
policy are intermediate between the impacts of the Prime Lands Alterna­
tive and the Fragile Lands Alternative. 
The total cropland available (after adjustments for wet soil develop­
ment) amounts to 389.4 million acres nationally and 214.6 million acres 
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of cropland in the Region. The amount of prime land available is 
increased by the retention of the prime land that would otherwise be 
converted to nonagricultural uses and at the same time all fragile lands 
(slightly under 7 million acres) are removed from the land base in the 
North Central Region. Because of these adjustments the configuration 
of the land base under the Prime-Fragile Alternative reflects a higher 
proportion of the high quality cropland than either the Trend, Prime 
Lands, or Fragile Lands Alternatives (Table 4.7). Prime land acreage 
represents 67.0 percent of the total acreage available in the Region 
under the Prime-Fragile Alternative compared to 62.6 percent under the 
Trend Alternative, 63.8 percent under the Prime Lands Alternative, and 
65.5 percent under the Fragile Lands Alternative. 
With only a few exceptions, the quantities of land allocated to the 
major crops are intermediate to the levels allocated in the Prime Lands 
and Fragile Lands Alternatives. However, in terms of returns to land 
the effects of the retention of prime lands tends to reflect a 
stronger influence than does the conservation of fragile lands (Table 
4.20). The aggregate net returns to land under the Prime-Fragile 
Alternative decreases by 8.8 percent at the national level, by 8.7 
percent within the Region, and by 9.0 percent in the areas outside the 
Region. The relative shares or distribution of land returns remains 
very near the Trend Alternative distribution. 
The Land Preservation Alternatives represent three of a large 
number of potential alternative futures dealing with the retention and 
conservation of agricultural lands for future generations. These 
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alternatives represent extreme points along the spectrum of possible 
future policies designed to preserve agricultural land for its most 
desirable future use from societies point of view. The results of the 
analysis suggest that policies to preserve agricultural land are 
economically feasible and may be socially desireable at the national 
level but will require considerable adjustment in the location of 
production and resource returns at the local level. 
Policies to allocate the use of scarce land resources to their 
most socially desirable use will not always be consistent with the 
highest valued use as would be determined under free market conditions. 
Urban uses, such as commercial buildings, industrial plants, and 
shopping centers will nearly always outbid agricultural uses for land 
in a location where urbanization is an option. Also, the easiest land 
to develop is generally the flat, highly productive agricultural land. 
However, from societies point of view it may be highly desirable to 
retain these high quality lands for crop production or (in case of 
fragile land) to transfer the land from intensive agricultural production 
to other uses more in keeping with the capability of the land itself so 
as to conserve the land for future generations. 
Environmental Corridor Alternative 
Individuals expressing concern over maintaining the production 
capacity of the agricultural sector frequently suggest the need to 
maintain the capability of producing large quantities of food and fiber 
for the foreign export markets. This is a valid consideration, 
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particularly in light of the favorable impact that these exports have 
on the prices and income generated from the production of agricultural 
commodities. Also, humanitarian concerns for the needs of people in the 
less developed countries can not be overlooked. However, others argue 
that the welfare of the people in the United States should be given 
greater attention, pointing to the overcrowded conditions in many of the 
nation's cities as an important case in point. 
A survey was taken of 32 cities in the Region to provide important 
background information about land use in the large cities of the 
North Central Region. The results of the survey indicate that there 
is a growing interest in developing more recreational-open space land 
and facilities in and adjacent to large cities in the Region. Many 
cities have considerable capacity for meeting their open space needs, 
others do not. In most cases the survey respondents indicated a need 
for additional land to meet the needs of expanding urban populations. 
The Environmental Corridor Alternative is included in the study to 
analyze the potential impacts on the agricultural sector of policies 
designed to alleviate part of congestion problem in the Region (Chapter 
V). This alternative examines the potential impacts of increasing the 
per capita conversion of agricultural lands for urban purposes. The 
quantity of land needed for urban uses in each producing area is 
increased to levels consistent with the National Recreation and Park 
Association (1971) recommendation that a minimum of 25 percent of all 
land in new towns and urban developments be devoted to recreational-
open space uses. This results in an increase of approximately 513 
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thousand acres of land in the North Central Region above the projected 
needs under the Trend Alternative. Most of the projected acreages 
needed for future urban development will be taken from areas adjacent 
to existing cities. The projected additional urban withdrawals estimated 
under the Environmental Corridor Alternative are compared to the 
available cropland acreages in SMSA counties within the Region (Table 
5.6). The projected total urban withdrawals under the Environmental 
Corridor Alternative represent 12,2 percent of the total cropland in 
SMSA counties in the Region. This is a two percent increase over the 
urban withdrawals projected under the Trend Alternative. 
The total cropland available for crop production under the Environ­
mental Corridor Alternative amounts to 395.9 million acres nationally 
and 220.9 million acres in the Region. These acreages represent very 
small declines from the Trend Alternative levels. A total of approxi­
mately 363.2 million acres nationally and 202.8 million acres in the 
Region are used for the production of the endogenous and exogenous crops. 
There are only minor changes in the distribution of production of 
the major crops. Corn production tends to shift out of the Region in 
response to the additional withdrawals of cropland for nonagricultural 
purposes. Soybean and wheat production shifts into the Region to some 
degree because of their relative advantage on the cropland in classes 
ill and IV. The largest shift noted was a 10 percent increase in barley 
production in the Region and approximately a five percent reduction in 
the areas outside the Region. 
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The aggregate net returns to cropland increased by only two 
percent at the national level and by 1.7 percent and three percent, 
respectively for the Region and for the areas outside the Region. 
The prices of the major crop commodities remain very close to the Trend 
Alternative levels. The only exception was the price of barley which 
increased three percent nationally and five percent in the areas 
outside the Region with no change in the Region. The per capita cost 
of the major crop commodities needed for domestic consumption increased 
only 0.4 percent nationally. 
As the major variables indicate the overall impact of the Environ­
mental Corridor Alternative on the agricultural sector was small. The 
results suggest that increases in the urban land withdrawals of the 
magnitude required under the Environmental Corridor Alternative can be 
attained within the North Central Region and projected commodity demands 
can be met with only minor impacts at the national and regional levels. 
However, the potential impact of this policy at the local level would 
1 
likely be very severe because of the tendency for new urban development 
to be concentrated in relatively small areas adjacent to or near existing 
cities. An analysis of the impacts of this and other alternatives on 
the local areas are outside the scope of this study. However, these 
impacts should also be considered by policy makers in formulating land 
use policies. 
In addition to the Environmental Corridor Alternative the Fragile 
Lands Alternative was reinterpreted as an alternative recreational-open 
space policy. The impacts of the Fragile Lands Alternative on the 
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agricultural sector and consumer food costs are considerably greater 
than the Environmental Corridor Alternative. Also, the fragile lands 
must be situated in relatively concentrated areas adjacent to or near 
the large urban centers to provide recreational lands where they are 
needed the most. The extent to which this condition is met is not 
known. For these reasons it is concluded that the Fragile Lands Alterna­
tive would likely not be as effective as the Environmental Corridor 
Alternative in providing additional recreational-open space lands where 
they are most needed. Where the Fragile Lands Alternative can be 
formulated as a joint objective with efforts to conserve fragile lands 
and providing recreational-open space land it does have considerable 
potential for reducing the problem of congestion in cities where these 
lands are available. 
The results of the several policy alternatives considered demon­
strate that the nation's agricultural sector possesses a great capacity 
to adjust the distribution of production and resource use as various 
land use policies are imposed. Though the impacts of the various land 
use policies at the national and regional levels appear relatively 
small, the state and subregional effects are more dramatic. Though 
beyond the scope of this study the impacts at the local level should 
also be considered in formulating a land use policy. 
This study assumes throughout that the alternative land use policies 
are imposed at the regional level by the 12 North Central Region states. 
Because of political and institutional considerations policy makers in 
the North Central Region generally are concerned with their own state's 
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programs and their subsequent interaction with the nation as a whole. 
Unless a federal agency initiates and oversees a common program in 
several states it is unlikely that the 12 states could act together to 
formulate a land use policy in the North Central Region. However, this 
is not to say that regional policies are impossible. The Midwest 
Governor's Conference Group and other political groups overlapping the 
defined boundries of the respective states can set the stage for joint 
action by continued support of research in these important areas of 
concern. 
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APPENDIX A. LAND USE ADJUSTMENT AND 
ALLOCATION SUBMODEL 
The major purposes of the land use adjustment and allocation 
procedure are first, to estimate withdrawals of agricultural lands for 
urban purposes and to incorporate United States Department of Agri­
culture's estimates of land needs for nonagricultural and nonurban 
purposes to the year 2000. Secondly, the procedure is designed to 
allocate the estimated nonagricultural land needs among the major land 
use categories and among various land quality groups. This Appendix 
describes the assumptions and procedures used in accomplishing these 
objectives and gives a brief review of the results. 
Land Base and Regional Delineation 
The land base used in this study is the National Inventory of Soil 
and Water Conservation Needs (CN!) prepared by the U.S. Department of 
Agriculture (Conservation Needs Inventory Committee, 1971). The CNI 
land base is adjusted for estimated changes in nonagricultural use 
between 1967 and the year 2000 by the land use adjustment model. Major 
data sources, in addition to the CNI land base, include: (a) urban 
place population and land area for I960 and 1970 (Bureau of the Census, 
1961 and 1972a); estimates of nonagricultural and nonurban land needs 
for the period 1969 to the year 2000 (U.S. Water Resources Council, 1972); 
the Bureau of the Census population projections series C, D, and E 
(Bureau of the Census, 1972b); land transition data on the conversion of 
agricultural land to various nonagricultural uses (Zeimetz, Dillon, 
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Hardy, and Otte, 1976). The CNI land acreages are aggregated from 
county data into 105 producing areas (Figure 2.1). For the present 
exposition, the CNI acreages are further aggregated to the 18 water 
resource regions (Figure A.I) defined by the U.S. Water Resources 
Council (1972). 
The major aggregations of uses are agricultural and nonagricultural 
lands. Agricultural lands are further classified into (a) cropland, 
(b) hayland, (c) pasture land, (d) range land, (e) forest land, and 
(d) other lands as defined in the CNI. Nonagricultural lands include 
federal noncrop, urban and buildup, and small water acreages. For 
projection purposes the urban and buildup category is disaggregated to 
(a) urban, (b) transportation, (c) recreational and wildlife areas, 
(d) reservoirs, and (e) surface mining. Figure A.2 gives a schematic 
representation of the entire model. 
Specification of the Land 
Needs Estimation Procedure 
Urban land needs 
To generate per capita land needs, inverse population density values 
are calculated for each producing area for I960 and 1970 using U.S. 
Bureau of the Census data on population and land area of urban places. 
Data used is limited to urban places with population of 2,500 and over, 
and with a minimum density of 500 people per square mile in I960 and 1970 
(Bureau of the Census, 1961 and 1972a). The per capita land needs 
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coefficients are a weighted average of these inverse density values as 
shown in Equation A.I. 
f L. UL?°1 f V .  UL*°-| 
p me] ^ + (l-Z) 20b ig (A.I) 
[m?i [m^i 
i = 1, —, 105 for the producing areas, 
m = 1 n for the urban places in the i producing area; 
where: 
P. is the per capita urban land needs coefficient; 
Z is the census year weighting factor (set at 0.5 for all 
producing areas); 
UL?^ is the 1970 urban land area of the urban place in the i im 
producing area; 
UP?^ is the 1970 urban population of the urban place in the i^*^ 
producing area; 
is the I960 urban land area of the urban place in the i*^*^ im 
producing area; and 
UP^® is the i960 urban population of the urban place in the i^^ 
producing area. 
This procedure implicitly assumes that the supply-demand relation­
ships affecting land use will remain constant at the 1960-70 levels through 
the year 2000. For example it Is assumed that: (a) the availability of 
water, fossil fuels, and other resources will be adequate to accommodate 
projected population growth; (b) the per capita land needs coefficients 
will be unaltered by changing population levels; (c) future changes in 
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the institutional and legal framework will have a negligible affect on 
urban land use patterns; and (d) tastes and preferences of consumers 
will, in the aggregate, stay constant to the year 2000. We also assume 
that per capita land needs for future additions to both urban and rural 
populations are the same. 
The per capita land needs coefficients range from 0.61 in the New 
England area to 0.07 acres per person in the producing area containing 
New York City. Table A.I presents a complete listing of the coefficients 
for each of the producing areas. These coefficients are generally 
consistent with estimates of per capita land conversion reported by the 
Economic Research Service. In these studies land conversion data were 
obtained using airphoto interpretation methods. Anderson (1973) reports 
increases in urban lands of 0.15 acres per person added to the population 
in Boulder, Larimer, and Weld counties in Colorado between 1950 and 1970. 
The same statistic, for the period I960 to 1970, was approximately 0.11 
acres per person in these counties. 
For comparison, urban place census data were assembled for all cities 
and towns in Boulder, Larimer, and Weld counties with population and 
population density levels consistent with the criteria specified for the 
land use adjustment procedure. Using this data coefficients are 
calculated for each of the three counties. The per capita coefficient 
generated for Boulder county is 0.15 acres per person. For Larimer county 
the coefficient is 0.16 and for Weld county it is 0.15. Thus, the per 
capita land needs coefficient for the three counties approximates the 0.15 
acres estimated by Anderson (1973) using airphoto interpretation methods 
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Table A.I. Estimated per capita land needs coefficients (P.) for urban 
purposes to the year 2000 by producing area (PA) 
PA Coefficient^ PA Coeffi cient^ PA Coefficient^ 
1 0.61 36 0.34 71 0.29 
2 0.47 37 0.32 72 0.32 
3 0.26 38 0.45 73 0.41 
4 0.33 39 0.22 74 0.24 
5 0.36 40 0.32 75 0.26 
6 0.27 41 0.25 76 0.23 
7 0.20 42 0.20 77 0.19 
8 0.07 43 0.15 78 0.28 
9 0.13 44 0.24 79 0.30 
10 0.17 45 0.29 80 0.28 
11 0.17 46 0.16 81 0.23 
12 0.16 47 0.21 82 0.28 
13 0.25 48 0.12 83 0.28 
14 0.28 49 0.19 84 0.40 
15 0.35 50 0.14 85 0.42 
16 0.29 51 0.18 86 0.35 
17 0.19 52 0.25 87 0,28 
18 0.30 53 0.26 88 0.25 
19 0.41 54 0.14 89 0.38 
20 0.33 55 0.21 90 0.52 
21 0.32 56 0.17 91 0.19 
22 0.49 57 0.23 92 0.19 
23 0.25 58 0.24 93 0.26 
24 0.11 59 0.22 94 0.23 
25 0.23 60 0.28 95 0.26 
26 0.20 61 0.42 96 0.22 
27 0.13 62 0.20 97 0.20 
28 0.16 63 0.21 98 0.53 
29 0.16 64 0.28 99 0.28 
30 0.17 65 0.33 100 0.24 
31 0.16 66 0.37 101 0.20 
32 0.17 67 0.28 102 0.15 
33 0.23 68 0.28 103 0.23 
34 0.18 69 0.31 104 0.15 
35 0.19 70 0.40 105 0.16 
®ln acres per person. 
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for the 1950—1970 period. The per capita land needs coefficient for the 
producing area containing these three counties is 0.14 acres per person. 
Dill and Otte (1970) estimated increases in land urbanized in 48 
counties in the western states between 1950 and I96O. The increases 
estimated were 0.05 for multicounty SMSAs, 0.10 for single county SMSAs, 
and 0,13 acres per person in non-SMSA counties. This corresponds closely 
with the per capita land use coefficients generated by the land use 
adjustment procedure. For example, applying the procedure to census data 
for Denver county (the Denver SMSA was not included in the Dill and Otte 
study) results in a per capita coefficient of 0.11 acres per person. 
Similarly, the estimated coefficient is 0.06 for the largest cities in 
the San Francisco area and 0.13 for the Los Angeles area. As indicated 
above the per capita coefficient for all cities and towns in the 
producing area containing Denver is 0.14. For the San Francisco and Los 
Angeles areas the coefficient is approximately 0.15 acres per person. 
Similar comparisons can be made for other areas. 
In a recent study (Zeimetz, Dillon, Hardy, and Otte, 1976) of 53 
counties, experiencing rapid urbanization scattered throughout the United 
States, land conversion estimates were also made. It was found that 0.23 
acres per person was converted to urban uses for each person added to the 
population in 11 counties within the Corn Belt region between I960 and 1970 
(based on average inverse density estimates). This compares to 
coefficients ranging between 0.20 and 0.25 for the producing areas 
containing these counties. 
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To project urban land needs to the year 2000, the per capita land 
needs coefficient, calculated for each producing area in the model is 
multiplied by the projected change in population for each of the 105 
producing areas, respectively (Equation A.2). The projected change in 
population between 1970 and the year 2000 is based on the Bureau of the 
Census projected population of 262 million (Series E) in the 48 contiguous 
states (Bureau of the Census, 1972b). The Series E population estimates 
for the year 2000 represent the most likely estimates at the time by 
government officials involved in making these projections. 
(A. 2) 
k = 1 
i = 1 
• • • > 
• • • 9 
105 for the producing areas, and 
3069 for the counties of the United States; 
where: 
U. is the additional land needed in the i^" producing areas for 
residential, industrial, commercial, and other urban uses by 
the year 2000; 
PP. is the projected population for the i^^ producing area by the 
year 2000 under the Series E population projections; 
P70.^ is the 1970 population of the k^^ county in the i^^ producing 
area from the U.S. Census of Population; and 
P. is the urban land needs coefficient for the i^*^ producing area 
as explained in Equation A.I.* 
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,Other nonaqrîcultural land needs 
Estimates of future land needs for nonagricultural, nonurban uses of 
agricultural lands were obtained from the Economic Research Service and 
the Water Resources Council of the U.S. Department of Agriculture. These 
projections were originally developed from data contributed by many 
federal agencies for use in the OBERS projections (U.S. Water Resources 
Council, 1972). They do not account for the total expected change in 
land use but reflect estimated acreage withdrawals from land in farms 
or agricultural land. For example, in the West, where a large proportion 
of total acreage is in federal land, the proportion of total withdrawals 
coming from land in farms will be less than in the Corn Belt. 
The projections for nonurban, nonagricultural needs for agricultural 
lands are made on a state basis and distributed among the 105 producing 
areas by the land use adjustment procedure as shown in Equations A.3 
through A.7. 
(A.3) 
j = 1 
• • • > 
• • • » 
105 for the producing areas, and 
^8 for the contiguous states; 
where; 
H. is the additional land needed in the • th producing area for 
highway uses by the year 2000; 
U 
OU is the projected additional farmland to be removed from 
agricultural use for nonurban road and highway needs in the 
j^^ state by the year 2000; 
273 
PWT.j is the proportion of the total population of the state in 
the i^^ producing area in 1970 as shown in Equation A.3a; 
k = 1, 3069 for the counties of the United States; 
where: 
P70|^ is the population of the county in the i*"^ 
producing area and the state. 
A| = jSi [o^ j (A.4) 
i  = 1 ,  1 0 5  f o r  t h e  p r o d u c i n g  a r e a s ,  a n d  
j = 1, 48 for the contiguous states; 
where: 
A. is the additional land needed in the i^*^ producing area for 
airport uses by the year 2000; 
/\ 
OLj is the projected additional farmland to be removed from 
agricultural use for airport needs in the j^*^ state by the 
year 2000; 
PWT.j is as defined in Equation A.3a. 
RW. = .2. [(OL? + OL^) (PWT..)1 (A.5) 
' jei |_ J j' ' ijJ 
i = 1, ..., 105 for the producing areas, and 
j = 1, ..., 48 for the contiguous states; 
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RW. is the additional land needed in the i^'^ producing area for 
recreation and wildlife, and for vacation homes by the year 
2000; 
OLj is the projected additional farmland to be removed from or 
retained in agricultural use for recreation and wildlife 
needs in the j^*^ state by the year 2000; 
V 
OLj is the projected additional farmland to be removed from 
agricultural use for recreational second home needs in the 
j^^ state by the year 2000; and 
PWT.j is as defined in Equation A.3a. 
[u .2. .2. IW.1 (A.6) 
i = 1, 105 for the producing areas, 
j = 1, ..., 48 for the contiguous states, and 
k = 1, ..., 3069 for the counties of the United States; 
R. is the additional land needed in the i^^ producing area for 
reservoir construction by the year 2000: 
W 
OLj is the projected additional farmland to be removed from 
agricultural use for reservoir construction needs in the j**^ 
state by the year 2000; and 
IW|^ is the acreage of inland water in the k^^ county in I960 as 
reported by the Bureau of the Census (1970). 
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r M -S- SM, " 
f ( ^ ' 7 )  
i = 1, ..., 105 for the producing areas, 
j = 1, ...» 48 for the contiguous states, and 
k = 1 3069 for the counties of the United States; 
where: 
M. is the additional land needed in the i^^ producing area for 
surface mining by the year 2000; 
M 
OLj is the projected additional farmland to be removed from 
agricultural use for surface mining needs in the state by 
the year 2000; and 
SMj^ is the acreage of land in the county in the "other land 
not in farms" category reported by the Conservation Needs 
Inventory Committee (1971). 
The interstate highway system acreage estimates were derived using 
a factor of 40 acres per mile assuming no additional interstate construc­
tion after 1980. Transportation needs after 1980 include acreages for 
new secondary roads and for airports. Requirements for urban roads and 
streets are assumed to be part of the urban land use coefficients. Rail­
road rights-of-way are assumed to remain constant. 
Second home acreages, initially estimated at the national level, were 
distributed among the states in proportion to population. Acreages for 
recreation and wildlife represent both preservation of land in its present 
use as well as development for public use. National and state parks and 
monuments are included in this category. Most private recreation 
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development (such as golf courses) are included in urban needs. It is 
assumed that the major portion of additional acreage needed for reservoir 
construction will have been converted before 1980. Surface mining 
needs perhaps reflect acreage withdrawals below potentially affected 
levels in several areas since the estimates were made prior to the 
present energy crisis and do not reflect "project independence" policies. 
Total nonaqricultural land needs 
Total projected agricultural land needs for nonagricultural purposes 
is determined for each producing area by summing the land needs for 
urban and nonurban purposes as shown in Equation A.8. 
L. = U. + H. + A. + RW. + R. + M. (A.8) 
I I I I I I I 
i = 1, .... 105 for the producing areas; 
where: 
L. is the total additional land needed in the i^'^ producing area 
for all nonagricuItural purposes by the year 2000; 
U. is as defined In Equation A.2; 
H. is as defined in Equation A.3; 
A. is as defined in Equation A.4; 
RW. is as defined in Equation A.5; 
R. is as defined in Equation A.6; and 
M. is as defined in Equation A.7. 
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Projected withdrawals 
The respective quantities of agricultural land needed for all non-
agricultural uses in each producing area by the year 2000 are shown in 
Table A.2. The data are aggregated to 18 water resource regions by the 
major nonagricultural land needs categories as shown in Table A.3. 
The largest component of land needs for urban development is for 
residential uses. Also important are schools, shopping centers, recrea­
tion, and transportation. Historically, population growth has been the 
dominant factor in determing these land use needs. Population growth 
likely will continue as the major determinant of urban land needs. In 
1970, 67 percent of the population in the 48 contiguous states was living 
in cities or towns of 2,500 and over in size (Table A.4). The New 
England water resource region has the highest percentage of population 
in urban places and Upper Colorado had the lowest. 
Proportionally, the Lower Colorado region is projected to lead the 
nation with an expected 70 percent population increase. The Middle 
Atlantic and South Atlantic Gulf regions are projected to be the high 
growth areas in absolute numbers. All but one (e.g. Souris-Red-Rainy) 
river basin are expected to have a net increase in population. 
To provide a range for projected urban land needs in 2000, urban 
land needs are estimated using each of the Bureau of Census Series C, 
D, and E population levels (e.g. 300, 286, and 262 million respectively) 
as shown in Table A.5. Also shown, is the 197C urban land area occupied 
by cities or towns of 2,500 people or more and of at least 500 people 
per square mile. As a second measure of the range in urban land con-
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Table A.2. Projected additional agricultural land needs (L.) for non-
agricultural purposes^ by producing area (PA) 1967 to 2000 
PA Land needed^ PA Land needed^ PA Land needed 
1 74.0 36 299.4 71 1,237.5 
2 185.6 37 468.1 72 30.2 
3 670.5 38 301.5 73 142.8 
h 346.9 39 437.6 74 26.2 
5 263.4 40 165.5 75 125.3 
6 48.8 41 839.6 76 204.4 
7 679.6 42 474.5 77 3.8 
8 733.3 43 481.1 78 169.9 
9 600.2 44 337.3 79 18.0 
10 356.7 45 204.6 80 11.5 
11 434.5 46 249.5 81 47.4 
12 672.0 47 368.0 82 14.0 
13 525.2 48 9.3 83 15.2 
14 934.6 49 28.7 84 16.5 
15 380.9 50 3.8 85 12.1 
16 1,183.9 51 49.3 86 147.6 
17 1,147.7 52 403.6 87 417.0 
18 741.2 53 412.5 88 164.4 
19 342.7 54 291.5 89 3.9 
20 256.3 55 26.9 90 14.9 
21 182.4 56 36.0 91 55.0 
22 34.6 57 210.4 92 66.1 
23 112.1 58 147.0 93 69.4 
24 1,086.4 59 140.4 94 53.7 
25 398.7 60 681.4 95 12.3 
26 166.6 61 214.5 96 241.9 
27 570.7 62 54.4 97 279.2 
28 407.7 63 125.8 98 3.4 
29 294.8 64 502.7 99 24.5 
30 120.6 65 482.9 100 151.5 
31 545.8 66 190.8 101 115.4 
32 434.1 67 15.7 102 523.3 
33 101.5 68 133.3 103 96.7 
34 508.1 69 178.5 104 1,211.2 
35 648.5 70 230.9 105 
U.S. 
3.5 
31,117.3 
®ln thousands of acres. 
Table A.3. Projected additional agricultural land needs for nonagrlcultural purposes by water 
resource region I967 to 2000 
Region 
Urban 
needs® 
Transportation 
needs 
Recreation and 
wildlife needs'' 
Reservoir 
needs" 
Surface 
mining 
needs" 
Total 
needs 
(thousands of acres) 
New England 1,150 35 339 1 63 1,589 
Middle Atlantic 1,587 127 1,436 51 276 3,476 
S. Atlantic Gulf 3,351 133 1,655 177 379 5,695 
Great Lakes 1,195 131 1,343 58 345 3,072 
Ohio 1,018 86 752 152 651 2,658 
Tennessee 552 13 108 45 52 770 
Upper Mississippi 727 63 971 277 360 2,398 
Lower Mississippi 200 22 392 113 64 791 
Sour!s-Red-Rainy 0 4 334 4 26 368 
Missouri 465 66 1,262 450 198 2,441 
Ark."Whi te-Red 706 38 416 626 113 1,899 
Texa<i Gulf 1,150 60 615 94 78 1,997 
Rio Grande 60 11 121 20 39 251 
Upper Colorado 9 3 27 1 7 46 
Lower Colorado 479 21 64 0 12 577 
Great Basin 141 10 82 1 4 238 
Columbia-N. Pacific 292 30 328 18 58 726 
Cal if.-S. Pacific 1,236 121 663 3 102 2,126 
48 States 14,317 973 10,907 2,092 2,827 31,117 
^Based on the Bureau of Census Series E population estimates. 
^U.S. Water Resource Council, 1972. 
Table A.4. Urban and total population for 1970 and Series E projected total population to the 
year 2000 
Projected 
1970 Total Urban as a total Projected Percentage 
urban 1970 percentage population increase increase In 
Region population population of total in 2000 1970-2000 population 
(thousands of people and percentage) 
New England 10,948 11,920 92 15,313 3,393 28 
Middle Atlantic 26,634 38,217 70 49,939 11,721 31 
S. Atlantic Gulf 12,124 23,351 52 34,680 11,329 49 
Great Lakes 20,947 29,035 72 36,351 7,316 25 
Ohio 10,747 20,098 53 24,790 4,691 23 
Tennessee 1,298 3,241 40 4,614 1,373 42 
Upper Mississippi 7,756 12,835 60 15,821 2,986 23 
Lower Mississippi 3,528 6,293 56 7,142 849 14 
Souris-Red-Ralny 286 669 42 595 (74) (11) 
Missouri 5,344 8,451 63 10,044 1,593 19 
Ark.-White-Red 4,103 6,731 61 7,926 1,195 18 
Texas Gulf 7,280 9,515 77 12,906 3,392 36 
Rio Grande 1,291 1,719 75 1,874 155 9 
Upper Colorado 126 345 37 367 22 6 
Lower Colorado 1,591 2,133 75 3,630 1,497 70 
Great Basin 820 1,210 68 1,738 528 44 
Columbia-N. Pacific 3,557 6,374 56 7,589 1,215 19 
Calif.-S. Pacific 16,985 20,003 85 27,093 7,090 35 
48 States 135,365 202,140 67 262,411 60,272 30 
^Source: Bureau of the Census, 1972a. 
'^Source: U.S. Water Resources Council, 1974. 
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version possibilities, Table A.6 shows the additional urban land needs 
for the year 2000 under three alternative per capita land use assumptions 
and compares these estimates of urban land needs with the total agricul­
tural land acreages. Table A.5 suggests the areas with the greatest 
expected increase in urban acreages while the information in Table A.6 
suggests the relative impact on agriculture within each region. At 
the national and the regional level the overall impact is not very large. 
However, aggregation of the data at the water resource region level tends 
to camouflage the potential impact at the local level. 
Specification of the Land Base Adjustment Procedure 
The second major purpose of the land use adjustment submodel is to 
allocate the projected withdrawals among the major CNI land use categories 
and among the CNI land capability groups (Table A.7) within each of the 
CN! land use categories. This portion of the procedure is designed to 
accomplish this objective by reducing the total 1967 CNI land base 
acreage^ in each producing area by the projected amount of additional 
land needed (up to the year 2000) for nonagricultural purposes specific 
to the area. 
The major data sets used are described briefly at the beginning of 
this Appendix. In addition, the nonagricultural land needs data are 
generated by the first phase of the land use adjustment procedure as 
^The CNI estimates of dry and irrigated cropland and pasture land 
in each state are updated from 1967 to 1974 to account for both recent 
irrigation development and for wet soils conversion prior to the adjust­
ments for nonagricultural land withdrawals (Meister and Nicol, 1975). 
Table A.5. Projected additional land needs for urban purposes in the 48 contiguous states under 
three alternative U.S. population levels by water resource region to the year 2000 
Additional urban land needs 1967 to 2000^ 
1970 Series E Series D Series C 
Urban Urban % Urban % Urban % 
Region land^ land increase land increase land increase 
(thousands of acres and percentage) 
New England 3,653 1,150 31 1,614 44 1,910 52 
Middle Atlantic 3,032 1,587 52 2,181 72 2,544 84 
S, Atlantic Gulf 3,722 3,351 90 4,329 116 4,927 132 
Great Lakes 3,339 1,195 36 1,747 52 2,086 62 
Ohio 2,334 1,018 44 1,481 63 1,763 76 
Tennessee 525 552 105 716 136 817 156 
Upper Mississippi 1,803 727 40 1,071 59 1,283 71 
Lower Mississippi 808 200 25 355 44 451 56 
Sourls-Red-Rainy 66 0 0 0 0 3 3 
Mi ssouri 1,323 465 35 655 50 779 59 
Ark.-White-Red 1,328 706 53 908 68 1,043 79 
Texas Gulf 2,267 1,150 51 1,519 67 1,748 77 
Rio Grande 361 60 17 102 28 131 36 
Upper Colorado 46 9 20 20 43 26 57 
Lower Colorado 478 480 100 585 122 650 136 
Great Basin 205 141 69 185 90 211 103 
Columbia-N. Pacific 829 292 35 451 54 551 66 
Calif.-S. Pacific 2,836 1,236 44 1,671 59 1,937 68 
48 States 28,954 14,317 49 19,590 68 22,859 79 
^Urban land needs estimated for the period 1967 to 2000 calculated for each of 105 producing 
areas and aggregated to the 18 water resource regions. 
^1970 land area of urban places with population of 2,500 and over and with population density 
of 500 people or more per square mile. Source: Bureau of the Census, 1972a. 
Table A.6. Total agricultural land and projected additional land needs for urban purposes in tlie 48 
contiguous states under three alternative per capita land use assumptions and Series E 
population levels by water resource region to the year 2000 
Total Additional urban land needs 1967 to 2000® 
agricultural Level 1 Level 2 Level 3 
Region 
lands 
1967b 
Urban % of 
needs ag. lands 
Urban % of Urban % of 
needs ag. lands needs ag. lands 
(thousands of acres and percentage) 
New England 36,652 805 2.2 1,150 3.1 1,495 4.1 
Middle Atlantic 53,013 1,111 2.1 1,587 3.0 2,063 3.9 
S. Atlantic Gulf 145,001 2,346 1.6 3,351 2.3 4,356 3.0 
Great Lakes 65,939 837 1.3 1,195 1.8 1,554 2.4 
Ohio 90,602 712 0.8 1,018 1.1 1,323 1.5 
Tennessee 22,286 386 1.7 552 2.5 718 3.2 
Upper Mississippi 104,381 509 0.5 727 0.7 945 0.9 
Lower Mississippi 55,978 140 0.3 200 0.4 260 0.5 
Souris-Red-Ralny 31,970 0 0 0 0 0 0 
Missouri 272,317 326 0.1 465 0.2 605 0.2 
Ark.-White-Red 140,996 494 0.4 706 0.5 918 0.7 
Texas Gulf 105,069 805 0.8 1,150 1.1 1,495 1.4 
Rio Grande 63,283 42 0.1 60 0.1 78 0.1 
Upper Colorado 22,107 6 0 9 0 12 0.1 
Lower Colorado 46,497 335 0.7 480 1.0 623 1.3 
Great Basin 19,301 99 0.5 141 0.7 183 0.9 
Columbia-N. Pacific 77,742 204 0.3 292 0.4 380 0.5 
Cal If.-S. Pacific 49,684 865 1.7 1,236 2.5 1,607 3.2 
48 States 1,402,818 10,022 0.7 14,317 1.0 18,612 1.3 
^The alternative per capita land use assumptions are: Level 1 - coefficients adjusted to 70 
percent of the unadjusted computed level; Level 2 - coefficients set at the unadjusted computed 
level; and Level 3 - coefficients adjusted to 130 percent of the unadjusted computed level. 
^The total agricultural lands from the 1967 Conservation Needs Inventory are adjusted for new 
irrigation and wet soils development between 1967 and 1974 (Meister and Nicol, 1975). 
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Table A. 7. Conservation Needs Inventory (CNI) land classes and sub­
classes aggregated to the nine land capability groups® 
Land CNI inventory Land CNI inventory 
capability class and capability class and 
group subclass group subclass 
1 1 6 IVe 
2 1 Ic 7 IVs, IVc, IVw 
3 lis, lie, 1Iw 8 all of V 
4 1 1 le 9 all of VI, VI1 
5 Ills, 11Ic, IIIw and VIII 
^Source: Meister and Nicol, 1975. 
defined in Equations A.I to A.8 and shown in Tables A.2 and A.3. Also, 
because of its application to the land base adjustment procedure, the 
land transition data set is given additional explanation in the following 
section. 
Allocation of withdrawals 
The total land area (TL.) in each of the 105 producing areas is 
divided into nonagricultural lands and agricultural lands in the 1967 
Conservation Needs Inventory (Conservation Needs Inventory Committee, 
1971) as shown in Equation A.9. 
TL. = NLj + AL. (A.9) 
i = 1, ..., 105 for the producing areas; 
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where: 
NL. is the total nonagricultural land in the producing area 
consisting of Federal noncrop, urban and buildup, and small 
water acreages as defined in the 1967 CNI; 
AL. is the total agricultural land in the i^^ producing area 
consisting of cropland, hayland, pasture land, forest land, 
and other land acreages defined in the 1967 CNI. 
The total agricultural land (AL.) in each producing area is divided into 
major use categories representing aggregations of the CNI land use classes 
(Equation A.10). 
AL. = CRP. + HAY. + PST. + RNG. + FST. + OTH. (A.10) 
I I I I I I I 
i = 1, ..., 105 for the producing areas; 
where: 
CRP., HAY., PST., RNG., FST., and OTH. are the acreages of cropland, 
hayland, pasture land, range land, forest land, and other agri­
cultural land in the i^^ producing area, respectively. Rotation hay 
is included in the cropland category and all permanent hay, tame 
and wild, are in the hayland category. 
The impact of urban growth on agriculture is accentuated because 
United States cities and towns were generally founded in areas with a 
high proportion of the more productive agricultural land. It has been 
estimated that 76 percent of the total land urbanized in the western states 
came out of cropland (Dill and Otte, 1970). In the northeastern states. 
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49 percent of the land converted to urban use had been cropland (Dill 
and Otte, 1971), and in the Mississippi Delta region 54 percent came 
from cropland (Frey and Dill, 1971). Since cropland represents a 
relatively small proportion of total agricultural lands in most regions 
the significance of these figures is more dramatic. The allocation 
procedure is designed to simulate the more than proportional impact of 
urban and airport land conversion withdrawals on cropland. Land needed 
for airports are included because of their requirement for large areas 
of relatively flat land generally adjacent to large cities. The land 
2 transition data is an important link in the procedure to augment the 
proportion of urban and airport land withdrawals that are removed from 
cropland. Except for the augmented portion of urban and airport needs, 
all withdrawals are made proportional to the CNI acreage distribution. 
The total additional agricultural land needed by the year 2000 for all 
nonagricultural purposes (Equation A.8) is redefined in terms of their 
distribution among the aggregated CNI use categories (Equation A.11). 
2 
The land transition data is used in the land use allocation 
procedure to estimate the K values in Equation A.12. This data, obtained 
from the Economic Research Service, consists of estimates of the 
proportion of the total land urbanized that was converted from cropland 
in 43 U.S. counties. The 43 counties are part of a larger sample of 
53 counties (Table A.8) selected from a group of 129 U.S. counties 
experiencing absolute population increases of 20,000 or more and per­
centage increases of 30 percent and over between I960 and 1970. Data 
for ten counties in the sample were not received in time to be included 
in the allocation procedure. The data is based on an airphoto inter­
pretation analysis of land conversion in each of the counties. The 53 
counties were selected for the analysis because aerial photos of each 
county were available for, or near, I960 and 1970. For a detailed dis­
cussion of the assumptions and techniques used in preparing this data 
see Zeimetz, Dillon, Hardy, and Otte (1976). 
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Table A. 8. Counties studied in the U.S. Department of Agriculture 
airphoto analysis of land use change, I960 to 1970 , 
County and state County and state 
Madison, Alabama ^ Jackson, Mississippi 
Santa Clara, California Boone, Missouri 
Santa Cruz, California Clay, Missouri 
Adams, Colorado Jefferson, Missouri 
Arapahoe, Colorado St. Charles, Missouri 
Lee, Florida St. Louis, Missouri 
Pasco, Florida Sarpy, Nebraska® 
Sarasota, Florida Burlington, New Jersey 
Cobb, Georgia Monmouth, New Jersey 
Dekalb, Georgia Morris, New Jersey 
Dupage, Illinois Sussex, New Jersey 
Lake, Illinois Cumberland, North Carolina 
Will, Illinois Mecklenburg, North Carolina 
Monroe, Indiana Wake, North Carolina 
Porter, Indiana Cleveland, Oklahoma® 
Johnson, Kansas® Portage, Ohio 
Fayette, Kentucky Bucks, Pennsylvania 
Harford, Maryland Chester, Pennsylvania 
Howard, Maryland Collin, Texas® 
Montgomery, Maryland Dallas, Texas® 
Prince Georges, Maryland Denton, Texas® 
Plymouth, Massachusetts Harris, Texas® 
Macomb, Michigan Tarrant, Texas® 
Washtenaw, Michigan Travis, Texas® 
Anoka, Minnesota Henrico, Virginia 
Dakota, Minnesota Waukesha, Wisconsin 
Washington, Minnesota 
^Data not received in time to be included in land use adjustment and 
allocation procedure analysis. 
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L. = CN. + HN. + PN. + RN. + FN. + ON. (A.11) 
I I I I I I • 
Î = 1, 105 for the producing areas; 
where: 
CN., HN., PN., RN., FN., and ON. are the projected acreages of crop­
land, hayland, pasture land, forest land, and other agricultural 
land, respectively, needed for nonagricultural purposes :n the 
producing area by the year 2000; 
and where: 
CN. = CNl. + CN2.; (A.lla) 
where: 
CNl. = K. (U. + A.) and 
I I I I 
CN2. = 
CRP. - CNl. 
I i_ 
AL. - CNl. 
I I 
(L. - CNl.); 
K. is the factor for augmenting the proportion of urban 
and airport land needs that will be withdrawn from 
cropland in the i^^ PA (see Equation A.12); 
U. is the projected urban land needs in the i^^ PA 
(Equation A.2); 
A. is the projected airport land needs in the i^^ PA 
(Equation A.4); 
CRP. is the CNl cropland acreage in the PA (Equation A. 10); 
AL. is the total CNl agricultural acreage in the PA 
(Equation A.10); 
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HN 
r HAY. 1 
Î j^AL. - CNI.J (""i " CNI;); (A.lib) 
where: 
HAY. is the CNI hayland acreage in the i^^ PA (Equation A.10); 
' ° [A4 -'CNIJ P", = I _'r„, I (L, -CNI.); (A.11c) 
where: 
PST. is the CNI pasture land acreage in the i^*^ PA 
(Equation A.10); 
[RNG. 1 AL. - CNI .J <•-! -RN 
where: 
RNG. is the CNI range land acreage in the i^^ PA 
(Equation A.10); 
F": '[AU'^cni.J C-i - CM'i): 
where: 
FST. is the CNI forest land acreage in the i^^ PA 
(Equation A.10); 
r 1 
'i " I AL. - CNI.J 
ON: = I A, : rMi I (L; - CNI.); (A.llf) 
where: 
OTH. Is the CNI other agricultural land acreage in the 
.th 
PA (Equation A. 10). 
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The factor (K.) for augmenting the proportion of urban and airport land 
th 
needs that will be taken from cropland for the i producing area (PA) is 
defined as: 
K; = Voi + ^ ®2*2i + ®3*3i (A '2) 
i = 1, 105 for the producing areas; 
where: 
Xoi = 1.0 ; 
•[?] ^1i ~j Al7~ I'^ ratio of the total cropland acreage to the 
total agricultural land (Equation A.10) in the 
PA from the Conservation Needs Inventory; 
Xg. =I I is the ratio of the urban and buildup portion of 
the total nonagricultural land (Equation A.9) 
to the total cropland acreage (Equation A.10) in 
•[»;,] 
-M' 
the i^*^ PA from the Conservation Needs Inventory; 
^3i ~ [_ UL.J '^ ration of the change in urban land area 
between I960 and 1970 to the total urban land area 
in I960 of urban places of 2,500 or more in population 
in the i*"*' PA (Bureau of the Census, 1961 and 1972a). 
The values for the coefficients Bq ,  B^, B^, and B^ in equation A.12 were 
estimated by using the land transition data discussed earlier in this 
section. This was done by combining the land transition data together 
with the CNI and census data for each of the counties included in the land 
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transition study as shown in the following regression equation; 
\ ®0^0k * ®1*lk ®2^2k "*• ®3*3k (A. 12a) 
k = 1, ...,43 for the counties included in the land transition 
data set; 
where: 
w Yk = I 7LÛ~ I is the ratio of the total cropland urbanized (CU^j 
to the total land urbanized (TLU^) in the k county 
between I960 and 1970 from the land transition data 
set; 
Xok -
= I —— I is the ratio of the cropland acreage to the total 
agricultural land in the k^^ county from the 
Conservation Needs Inventory; 
*2k ~ ICRP" I '^ the ratio of the urban and buildup portion of the 
total nonagricultural land to the total cropland 
acreage in the k^^ county from the Conservation Needs 
^ Inventory; 
is the rat 
i960 and 1970 to the total urban land area in I96O 
Î- " 
• L?J ' *3k ~ ' ^ —I io of the change in urban land area between 
of urban places of 2,500 or more population in the k^^ 
county (Bureau of Census, I96I and 1972a). 
2 
The R value obtained for this regression Equation is 0.61. Using 
the "t" test for significance suggests that the independent variables are 
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all significant at the 85 percent level and that the independent 
variables and are significant at the 97.5 percent confidence level. 
Up to this point the procedure provides a mechanism for distributing 
the projected nonagrîcultural land withdrawals among the major CNI land 
use categories (Equations A.10 and A.11). The acreage projected to be 
withdrawn from each of the major land use categories is then distributed 
among the nine CNI aggregated land capability groups (Table A.7) in 
proportion to the CNI acreages within each land capability group. 
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APPENDIX B. URBAN LAND USE SURVEY 
The urban land use survey was conducted to obtain data on land use 
within the incorporated boundaries of a cross section of large cities in 
the North Central Region. This information provided a check on the 
trends determined from the census data used in estimating the per capita 
land needs coefficients. The survey also provided data on the availa­
bility and adequacy of recreational lands and availability of undeveloped 
open space acreages in the surveyed cities of the Region. The urban 
recreational land and open space data was used to provide a basis for 
adjusting the per capita land needs coefficients and land base for the 
Environmental Corridor Alternative. 
All cities listed in the 1970 Census of Population, having a 
population of 50,000 or over are included in the sampling frame.^ These 
cities were stratified into three groups according to population. Group 
1 consists of all cities with population ranging between 30,000 and 
100,000 in size. Group 2 contains cities with population ranging be­
tween 100,001 and 500,000, and Group 3 contains cities with population 
exceeding 500,000 people. This resulted in a total of 65 cities in 
Group 1, 33 cities in Group 2, and 8 cities in Group 3. 
All cities in each group were listed alphabetically by state and 
then numbered consecutively over all 12 states in each group. Initially 
^A sampling frame is defined as a listing of all nonoverlapping 
sampling units in the population from which the sample is to be drawn 
(Mendenhall, Ott, and Scheaffer, 1971). 
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it was intended that a sampling of all cities and towns of 2,500 and 
over would be included in the survey. However, it was decided to re­
strict the survey to only cities and towns of 50,000 and over because 
of the resource restraints placed on this phase of the project. It 
was desired that a minimum sampling of 20 percent of cities in this 
category be obtained. The maximum sample size was a set of 32 cities, 
with 16 from Group 1, 8 from Group 2, and 8 from Group 3. This resulted 
in a 24.6 percent sampling of cities in Group 1, 24.2 percent in Group 2, 
and 100 percent in Group 3. In Groups 1 and 2 the specific cities to be 
included in the sample were randomly selected from the sampling frame 
by using a table of random numbers. Table B.I gives a listing of all 
cities included in the sample. 
2 The questionnaires were sent to persons in the city planning 
offices early in 1976. These together with follow-up inquiries resulted 
in a 78 percent usable response from the cities in ail size groups 
combined. The response rate for each group, respectively, was 94 percent 
in Group 1, 50 percent in Group 2, and 75 percent in Group 3. 
Unless specified otherwise (see section B, question 3), all in­
formation requested was for the incorporated area of the city only. The 
information in section A of the questionnaire provided general back­
ground information about the city. 
Question 1, section B, provided information to determine the change 
in total land used within the city over time and provide a check on the 
2 Copies of the cover letter and the complete questionnaire are 
included at the end of this Appendix. 
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Table B.I. Cities included in the North Central Region urban land use 
survey by population group 
City and state City and state 
(1970 population) (1970 population) 
Group 1 
(Population: 50,000 to 100,000) 
Aurora, Illinois (74,182) 
Elmhurst, Illinois (50,5^7) 
Anderson, Indiana (70,787) 
Sioux City, Iowa (85,925) 
Kalamazoo, Michigan (85,555) 
Westland, Michigan (86,749) 
Elyria, Ohio (53,427) 
Appleton, Wisconsin (57,143) 
Berwyn, Illinois (52,502) 
Evanston, Illinois (79,808) 
Council Bluffs, Iowa (60,348) 
Ann Arbor, Michigan (99,797) 
Royal Oak, Michigan (85,499) 
Bloomington, Minnesota (81,970) 
Mansfield, Ohio (55,047) 
Wauwatosa, Wisconsin (58,676) 
Group 2 
(Population: 100,001 to 500,000) 
Hammond, Indiana (107,790) 
Topeka, Kansas (125,011) 
Livania, Michigan (110,109) 
Toledo, Ohio (383,818) 
South Bend, Indiana (125,580) 
Dearborn, Michigan (104,199) 
Ouluth, Minnesota (100,578) 
Youngstown, Ohio (139,788) 
(Population: 
Group 3 
Chicago, Illinois (3,366,957) 
Detroit, Michigan (1,511,482) 
St. Louis, Missouri (622,236) 
Columbus, Ohio (539,677) 
over 500,000) 
Indianapolis, Indiana (744,624) 
Kansas City, Missouri (507,087) 
Cleveland, Ohio (750,903) 
Milwaukee, Wisconsin (717,099) 
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census data used in estimating the per capita land needs coefficients 
for the study. Of the 25 cities responding only 18 completed this 
question. Of these 18 cities, 4 respondents indicated a relatively 
steady increase in the land area of their city between I960 and 1974. In 
addition, 6 other respondents indicated that the land area of their 
cities had increased between I960 and 1970 but had remained constant up 
through 1974. Seven respondents indicated that the land area of their 
city remained constant through the 14-year period. Only one respondent 
indicated that the land area in his city decreased slightly from I960 
to 1970, and has remained constant to 1974. With only one notable 
exception, the total population and land area data provided by the 
respondents corresponded closely with the population and land area data 
shown in the U.S. Census of Population. The 1970 census reported total 
land area of Council Bluffs, Iowa to be 25,856 acres as compared to 
16,200 acres indicated on the questionnaire from this city. 
Most responses to question 2 of section B gave information for only 
one year, usually 1970 or a year close to this time. 
The data most relevant to the overall study provided in the survey 
dealt with the availability (section B) and adequacy (section C) of 
recreational lands and undeveloped open space acreages within these 
large cities. This data was used to provide a basis for adjusting the 
per capita land needs coefficients and subsequently, the land base for 
the Environmental Corridor Alternative (Chapter V). 
Very few respondents provided the information requested in section 
D of the questionnaire, indicating that projections had not been made. 
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In summary, the responses to the questionnaire were generally less 
complete than had been hoped, however, it did provide some very useful 
insight into the land use patterns of the large cities in the Region. 
The information obtained relating to recreational land uses and 
available open space acreage was particularly useful and relevant to 
this study. 
"Focusing research and education 
agricultural and rural development in a growing economy" 
,^ \CULT<// 
THE CENTER FOR 
AGRICULTURAL AND RURAL DEVELOPMENT 
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Iowa State University 
of Science and Technology 
578 East Hall 
Ames, Iowa 50011 
Telephone 515-294-1183 
January 12, 1976 
City Planning Commission 
Mayor-City Hall 
44E Downer Place 
Aurora, Illinois 60504 
Dear Sir: 
The Center for Agricultural and Rural Development (CARD), Department 
of Economics, Iowa State University, is currently conducting a regional 
land use study sponsored jointly by the North Central Regional Center 
for Rural Development, the North Central Regional Experiment Station 
Directors, and the Mid-West Governor's Conference Group. 
We are presently collecting important data pursuant to this study. 
To facilitate such a collection of data, the enclosed questionnaire is 
being sent to the land use planning staff of selected cities in the North 
Centrai Region of the United States. 
If your department does not have the information requested, or is not 
responsible for land use planning, please forward this questionnaire to 
those individuals who are best qualified to answer the questions contained 
therein. 
To allow adequate time for our analysis of this data, we would 
appreciate the completion and return of this questionnaire no later than 
January 25, 1976. -Any questions regarding the questionnaire or other 
aspects of the study should be directed to myself (phone: 515-294-8641 or 
294-1183). 
Thank you very much for your cooperation. 
Sincerely 
Brent W Spaulding 
Research Economist 
BWS/jw 
end. 
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Date: 
Section A 
1. Name of Incorporated Place (city): 
2. Planning commission or agency responsible for city land use 
planning: 
Name: 
Address: 
Tel. No.: 
City planning staff? , or private consulting firm? 
3. Published or unpublished materials prepared for your incorporated 
area since I960 by your planning commission or by private 
-consultants containing land use acreage, population, and related 
data (past, present, and(or) projected): 
Title Date Available (yes/no) 
4. Does your incorporated area have a zoning ordinance? 
yes no 
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Section B - Land Use 
1. Total acreage and population within your incorporated area as of 
December 31 of the following years: 
1974 (acres) , (population) 
1972 (acres), (population) 
1970 (acres) , (population) 
1965 (acres), (population) 
i960 (acres), (population) 
(Information other than that found in the I96O and 1970 U.S. Census 
will be appreciated if available. Acreage growth inside the 
incorporated area should correspond to acres added through 
annexation, both voluntary and involuntary.) 
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2. The distribution of land use within your incorporated area as of 
December 31 for the years specified is as follows: 
Acres publicly and privately owned Lanu use 
1974 1970 I960 
a) Residential and 
associated land uses 
(includes houses, 
duplexes, apartments, 
mobile home parks, 
res i dent i a 1 hotels). 
b) Commercial, industrial 
services, and associated 
land uses (includes 
all manufacturing, 
fabricating, wholesale 
and retail trade, 
professional services). 
c) Recreational and 
associated land uses 
(includes private and 
public parks, campgrounds, 
golf courses, drive-in 
theaters, fa i rgrounds, 
and sports assembly 
complexes). 
d) Undeveloped land uses 
(includes vacant lots, 
does not include 
agricultural land). 
e) Undeveloped land in 
agricultural uses 
(includes farm land, 
pasture land, forest 
land not associated 
with parks and 
recreational uses). 
f) Other land uses 
(municipal roads and 
other uses). 
g) Total acres inside 
incorporated area. 
^Note: "associated" land use includes parking area and other 
land areas directly associated with the parent land use. 
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3. Total acreage and population of urbanized communities (suburbs) 
OUTSIDE and adjacent to your incorporated area as of December 31 
of the following years: 
Name of 
Community 
19 
Acres 
ih. 
Pop. 
19 
Acres 
70 
Pop. 
1% 
Acres 
% 
Pop. 
191 
Acres 
SO 
Pop. 
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Section C - Adequacy of Recreational Lands 
1. What do you use as an objective, or target ratio (e.g.. No. acres/ 
1,000 people) between recreational lands and population in your 
incorporated area? 
2. If a target ratio is not used, what criteria do you use to 
determine the adequacy of recreational lands in your incorporated 
area (please explain)? 
3. Are the recreational lands you have listed in Section B, item 2c, 
of this questionnaire adequate to meet the needs of the population 
in your incorporated area? YES or NO . If your response 
is NO, please list, in order of importance, the major problems as 
you perceive them. 
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Section D - Future Land Needs 
1. Does your incorporated area make projections of future acreage 
needs for the various land uses? YES , NO . What, if 
any land use classification system do you use? 
2. if your response to 1 above is yes, please circle those dates for 
which projections for future needs for land use acreage have been 
made, and indicate the projected population and anticipated 
additional acreage needed. 
Projected Additional Acreage 
Year Population Needed - 1975 to: 
a. 1980 
b. 1985 
c. 1990 
d. 2000 
e. 2010 
f. 2020 
g. Other 
3. Does your response in 2 above assume that all, or most of the 
undeveloped land listed in Section B, item 2d and 2e, have been 
developed for intensive urban uses prior to further expansion of 
acreage within your incorporated area? YES , NO . 
Please explain: 
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4. In connection with 3 above, is your incorporated area pursuing 
policies encouraging green belt and open space development? 
YES , NO . Comments: 
Section E - Comments From Respondents 
Signature of Respondent: 
Title: 
Date: 
THANK YOU FOR YOUR COOPERATION 
